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“The brain only image among images.” 


Part 


the previous paper orientation (Gooddy and Reinhold, 1952), 
was suggested that human orientation space dependent upon all 


forms perception. 

Perception defined the qualitative experience 
person, evoked series events including the unconscious reception, 
selection, differentiation and integration afferent stimuli. These 
stimuli are perceived sensations, and result repetitive experi- 


ence they become the basis for sensory images and abstract thinking. 
The present proposition for demonstration and discussion 
perception ultimately concerned with the appreciation change 
movement. Perception, whatever the category the underlying sensa- 
tion, involves the judgment motion. This judgment motion 


here termed Sense.” 

Motion sense is, according this theory, the essential component 
human orientation space (and possibly time also), both for 
awareness the one hand and motor performance the other. Previous 
emphasis (Gooddy, 1949, and Gooddy and Reinhold, 1952), has already 
been given the idea that movement welded sensation, which 
the invariable precursor and accompaniment any motor performance. 
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There are two main ideas put forward: 
(1) that men perceive afferent stimuli the form sensations, 
which are successive events time. 
(2) that all sensations are motion judgments. 


(1). There continuing constant perception stimulus. 
sensation changes from moment moment, and, not repeated, dis- 
appears particular speed. consider the sensation pin-prick, 
obvious that before the pin applied the skin there sensa- 
tion pain. Then, with the application the pin, there sensation 
(known all, yet not describable terms apart from pins and pricks), 
which very rapidly increases intensity maximum, seem 
almost simultaneous with the application the this 
there steady decrease intensity sensation. There is, time 
passes, one moment degree sensation which the same any 
other. obtain again the sensation which was previously 
the position the pin has altered. Further pain can produced 


produced vertical movement, else the pin has withdrawn 
and reinserted. pain, therefore, cannot measured charted 
isolated happening, as, for example, fig. represented only 

This type curve (fig. has long since been shown represent the 
peripheral pattern nervous impulse (Adrian, 1928) occurring the 
isolated nerve. The term “adaptation” used accounting for the 
falling off impulses. Only further stimulus will reproduce the same 


type afferent discharge. 
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1:0 
Seconds 


Fic. skin and cutaneous nerve preparation. Stimulaton needle point 
skin. (Adrian: Basis Sensation.) 


the level perception, kind process similar that which 
seen the isolated nerve takes place. The human individual depen- 
dent for his the peripheral can judge the 
peripheral process only his interpretation impulses, with their varia- 


tions frequency and intensity (amplitude waves). There other 
means which may experience the sensation pin-prick, although 
the sight pin may suggest the likelihood pin-prick. rubber 
plastic pin will produce the disorientation which occurs when the visual 
notion pin-prick unaccompanied the cutaneous confirmation.) 

The peripheral stimulus consists mechanism which movements 
are created. These, when measured nerves, are called impulses, and are 
directly related the physical qualities the stimulating object. 
Cutaneous stimuli are judged from impulses produced first the peri- 
pheral nerve fibres. this connexion the work Weddell (1945) 
interesting its suggestion that individual sensory endings are served 
fibres passing several separate nerve trunks, providing greater 
dimensional pattern than would provided one fibre trunk. 

the other senses see similar process. The muscles, the eyes, 


ears, nose and tongue have their apparatus for conversion local events 


into the common currency motion the nervous system. 

Though the peripheral pattern impulses the basis for the central 
perception the stimulus, the two happenings are not identical. the 
peripheral nerve spinal cord there are notions pins pain. 
the conscious appreciation sensation there awareness the 
hidden impulses the nerves. Walshe (1942) has said “We can think 
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tactile sensibility, localization and two-point discrimination abstrac- 
tions and separately, but they cannot exist apart nature. There 
such thing localization discrimination, there are only things localized 
discriminated, and cannot conceive impulse that allows 
localize separate without making aware the thing localized 
separated. short, the notion pathways for localization for 
discrimination the same category that pathways for truth 
beauty, and but figment the observer’s mind.” 

the brain, that level where awareness reached, the effects 
peripheral stimulation, transmitted far know only the conduct- 
ing tissue the nervous system, are consciously realized. The brain, 
according the present-day theory electrical changes and impulses, 
entirely dependent afferent impulses for its information. not 
know, however, how afferent impulses become sensations. has already 
been sufficiently well shown Adrian (1928) that whatever the stimulus 
and whatever the sensation the intervening “mechanism” 


impulse the conducting fibre. 


Fic. 3.—A, Action currents the optic nerve the eel (Conger vulgaris) when the 
eve exposed Ditto frog’s sciatic nerve produced tension the 
gastrocnemius muscle, Sensation.) 


This description events generally acceptable era science 
when explanation closely bound with electrical concepts. another 
age, some other scheme may evolve (we already have the humoral theory 
transmission which cannot entirely reject), yet all explanations 
probable that cause-and-effect relationship mediated some form 
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transmission will accepted, even there disagreement about the 


manner which the effect produced. 


For present purposes may adhere the “nerve impulse” idea. 
Sensations vary their quality and intensity. all sensations, the 
intensity range obvious. see bright dim lights; hear loud 
soft noises. The different qualities are obvious that only the differences 
noticed. analytical our approach that there 
mention current research and teaching that, for example, seeing and 
hearing, stroking and tasting, are but various aspects one underlying 


process, now discussed. 


There are three obvious factors human appreciation sensation: 
(1) The stimulus. (2) The conducting mechanism. (3) The perception. 


agreed that the fundamental process (2) the passage 
impulses along nerve, are left with the conclusion that only change 


impulse rate vigour may different sorts sensation brought 


perception. 

Unless can unaware, then aware, and again unaware stimulus, 
cannot say have felt single pin-prick.” This the same saying 
pin-prick, and then again state not feeling There 
are three essential stages gone through for the final single percep- 


tion have felt succession three distinct events. 


find similar state affairs all other forms sensation, 


make the necessary adjustments. Vision will considered detail, 
for the single principle underlying the sensations pain and vision 


grasped, that is, that perception involves succession events time, 
there will difficulty accepting with regard taste and smell. 
necessary specify duration and intensity stimulus vision, 
the case the sensation pin-prick. should consider such circum- 


stances will permit observer brief view (over time period equal 
the application pin-prick) familiar object. This may simply 
arranged having the observer sitting table looking 
spot the table. The observer asked continue look the same 
spot, and told that common object will placed there. After darken- 


ing the room, the object (for example apple) placed the table 
light switched for second only. The observer must say what 
object saw. This simple experiment that needs training addi- 
The observer may say, for 


tional the experience everyday life. 
able mention its colour, size, shape and position. Analysis reveals 
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sudden onset vision with identification coloured object, the facility 
identification varying directly with the degree familiarity with the 
object. (Once the object recognized, subsequent recognition seems 
much easier and the after-image “becomes more real” the words 
the average observer.) minimum duration illumination necessary 
for identification (perception). this minimum time not allowed, 
number repeated illuminations (at intervals longer that the duration 
the after-image) will result perception. The time for perception once 
having been allowed, complete perception quickly obtained. After this 
perception, appreciation and interest rapidly wane, 
stimulated the observer passes once other stimuli, as, for example, the 
face and words. the very brief interval between stimulus 
and perception there excited feeling which culminates very pleasur- 
ably the attainment the perception. Contrariwise, the object 
too unfamiliar the time too brief for identification, there compar- 
able degree dismay and frustration. becomes obvious this experi- 
ment that the average observer does not normally fix his gaze any 
object for more than fraction second. “scan” objects cease- 
lessly, usually from left right, and easy note the accompanying 
however small 


ocular (and sometimes visual) sensation with each 
be. This sensation, mediated the oculomotor afferent apparatus, 
derived from muscle spindles the external ocular muscles (Cooper and 
Daniel, 1949), may sometimes combined with other sensations which 
are usually associated with pupillary muscle changes alone. Such pupillary 
changes are, would expected theoretical grounds, accompanied 
perception minute changes size the object. This fact may 
confirmed looking object sharp outline, such the top letter 
Snellen’s type sheet, with the eyes shaded from bright 
the shade replaced good illumination, very slight and brief con- 
traction and expansion the letter type seen, the same time the 
pupils contract and then partly dilate. This experiment illustrates 
principle, elaborated elsewhere, that most the apparently visual 
ideas, such shape, size and distance are only partly retinal, and depend 


much many other forms sensation upon those derived from 


the retina. 

Similarly, when one judging the shape and size object 
one moves one’s fingers over usually rotatory manner, 
touch. 


Sensations are motion judgments.—We have demonstrated that there 
minimum time threshold well minimum stimulus threshold 
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necessary for perception, and shall now consider the nature the 
stimulus and its relation the general concept motion sense. Keeping 
the visual sphere, must attempt find not the difference between 
vision and, say, hearing, postural awareness, but the similarity. 


This task not difficult might appear. Let consider 
simple object may regarded the sum its sensation- 


creating attributes plus something else that permits abstract from 
group characteristic. This idea has been extensively surveyed 
members the Gestalt School Psychology, Goldstein and Gelb (1918), 
and others, Wertheimer (1922), Koffka (1935), and also Reinhold (1951). 
The objects daily use, tables, bells, linen, pencils and are not 
solid lumps clearly defined matter, and are perhaps more accurately 
described local aggregations moving particles “waves.” 
apply our sense receptors appropriately, perceive the object. see, 
hear, taste, feel result the effect the motion particies 
medium which may ,be solid gaseous fluid. are fitted 
with receptors adapted detect the various forms motion surround- 
ing media. The motion wave conveyed propagated along nerve 
fibres the brain. remarkable that the most recent advances 
physics and philosophy appear indicate that objects are motion com- 
plexes. are able recognize such complexes patterns motion, 
abstract them and endow them with symbolic description, such words, 
gestures, musical notation. mathematical and on. 


Early life learn understand symbolic motion patterns 
convey them others means the symbol systems. Various conven- 
tional methods are used create succession stimuli that our asso- 
ciates will understand us. speaker may express his thoughts, ideas 
and feelings causing with his voice vibrations different speeds air, 
which affect the ear drums his hearer. deaf man may expert 
enough tell from the motions speaker’s lips visual substitute for 
the auditory), what wishes transmit him. man may also express 
himself writing. The written version, flowing line stimulus, follows 
the pattern the flowing line sound waves. Both are arranged 
conventional pattern and order, regards time and direction. Conven- 
tions vary considerably. Early European scripts were written from right 
left, and many Eastern scripts remain so. Early Greek inscriptions 
followed the course the plough boustrophedon, oxturn-like. The 
first line was right left, the second left right, the third right left, 
and on. The letters faced the direction the writing. 


now the Western convention write from left right every 
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line. children, and certain patients with cerebral disease. confusion 
may apparent and letters words may speech, sounds 
may reversed, the manner named after Dr. Spooner 
Warden New College, Oxford. Children and dysphasic patients often 
put syllables the wrong order, e.g. “singal for signal,” “drewscriver for 
screwdriver.” 

The alphabet consists letters made one, two more straight. 
curved angled lines. Each letter formed movement specific 
direction. one writes “The H...... only the subsequent 
changes direction that the reader knows that “The Natural History 
Selborne” meant, and not “The National Hospital, Queen Square.” 
Writing thus more than “smoked drum” record muscular move- 
ments. Certain symbols are non-specific. may mean the letter 
kiss, multiplied the name illiterate person (“John Smith, his 
mark”). earlier days, the sails windmill were the position 
implied smugglers that the coast was clear the police. 

Taste and smell are derived from judgments arising from impulses 
created soluble applied the sensitive receptors the 
tongue and nose. Many different factors such density, concentration, 
solubility and ionization substances and the rate which they are 
applied, influence the impulses transmitted through the nerves. 


(a) Vision 

One cannot over-emphasize the fact that the eye not camera. The 
photographic analogy has done much confuse the physiology vision. 
Vision and photography are entirely from That 
the human (but not the insect) eye bears some physical resemblance 
the camera not surprising. for both vision and photography involve 
the focusing light sensitive material. After this, all similarity 
ceases. 

have come too easily talk about the “representation” visual 
objects the area radio-telegraph colour photograph 
appeared developed, printed and projected through inverting apparatus 
the occipital lobes the brain. not understand, fact, what 
“representation” means. lesion the occipital cortex may, course, 
produce blindness. blow the “funny bone” produces numbness 
tingling part the hand. not say that the hand “repre- 
sented” the ulnar nerve the elbow. Yet say that vision 
“represented” the occipital region without greater reason. 


The eye affected wave-lengths light from external sources. 
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the retina entirely unstimulated, occurs when person kept 
completely dark room, hallucinations both shape, colour and 
motion may soon seen. The idea distance produced greater 
visual stimulus than opening the eyes the dark (Brain, 1951). Receptor 
cells are stimulated their various positions curved supporting 
tissue. Such cells are responsive not colour shape (which are per- 
ceptions), but stimuli (of which the brain mind has direct knowl- 
edge) which are measurable terms wave-lengths and amplitudes. 
Such measurements reveal that only very small proportion the 
total possible wavelength reception employed. 

The receptors the eye resemble the receptors touch, being con- 
nected groups, and not possessing individual isolated conducting fibres. 
Stimulation the eye with light results series impulses the 
optic nerve (which cannot perceive colour shape size, direction 
position). 

Impulses pass along the optic nerve and travel various directions 
different channels. The channels are first rearranged the chiasma. 
Passing along the tracts, some impulses reach the lateral geniculate 
bodies, some the medial geniculate bodies, and some the superior corpora 
quadrigemina. Those that reach the lateral geniculate bodies 
specially layered relays the cortex” and then other cortical 
areas and eventually reach the lower motor neurones, perhaps produce 
response the form action. 

some stage this process the observer can say have seen 
not precisely known what moment the perception takes 
place, nor how much area volume brain tissue involved. must 
not suppose that because electrical stimulation the occipital cortex pro- 
duces visions, this part the brain responsible for vision any more 
that the ulnar nerve finally responsible for the “pins and needles” 
the hand. These parts the nervous system are only mediators, 
undetermined level, what later becomes perceived. 

The mediators visual perception are different from, those pain 
perception. All that the brain receives are the impulses various quan- 
tities various rates, occurring what may described 
temporal and various spatial patterns. 

The arrival impulses creating these patterns results awareness 
colour, shape and size, the normal adult human being. Colour 
special visual attribute that without vision one cannot directly detect 
colour, but shape and size, distance and direction, are compound ideas 
derived equally from touch, posture, hearing and balance. 
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consider colour alone, not difficult understand that per- 
ception colour and changes colour are simple motion judgments. 
When perceive darkness and light judge waves which travel 
different speeds. detect different wave-lengths see different 
colours, for example, blue, yellow green. have blue and yellow 
appropriately mixed, that is, the wave-lengths are mixed, see green, 
which neither blue nor yellow. are unable tell, for instance, 
whether are looking single green lamp, whether mixture 
blue lamps produces the colour. judge that yellow 
different from blue because each colour has different wave-length and 
produces correspondingly different impulse pattern the eye. Conse- 
quently perceive the difference cerebrally, not from blue photograph 
appearing the middle fossa, but from detection certain spatial and 
temporal patterns reaching the cortex. The symbolic term “blue.” 
When the pattern yellow superimposed the pattern blue, 
change occurs. The symbolic term for the new pattern “green.” 

When looks area containing several patches different 
colours, individual detects the greatest changes the situations which 
are, say, “at the edge” the patches. the middle red 
blue patch there steady production motion stimuli. The immediate 
surroundings are similar and therefore all red all the junction 
red and blue areas there sharp acceleration, from red waves 
blue, and this line that detect visual change. The word “edge” 
indicates motion judgment, here the differing speeds impulses are 
detected and contrasted. 

has long been pointed out Gestalt psychology that the con- 
trast figure against background which promotes recognition. The out- 
line object often enough for identification. Line drawings with 
little perspective satisfactorily represent life. Vision allows man 
appreciate four dimensions, time also involved the performance 
certain movements which take place through three dimensions, and 
which can observed. 


(b) The Eighth Nerve 


was from consideration the eighth nerve system 
apparently unconnected modalities hearing balance that the idea 
motion sense was derived. The eighth nerve and its receptors are 
developmentally one unit. Although the two departments, hearing and 
balance, are nowadays often considered quite separately, from study 


their common factor that may understand the purpose signifi 
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cance the system, and the part plays integrated behaviour. 
sometimes said that awareness the external world provided the 
hearing apparatus, and information about the internal dispositions and 
displacements provided the vestibular apparatus. may said 
that although one aware sounds, one unaware vestibular func- 
tion unless becomes disordered. However, are not unaware 
vestibular function, except far have disregard the 
sensations derived from the vestibular apparatus, the same way 
are unaware the touch clothing which are accustomed. 


Balance and motion true that hearing provides with 
information about the outside world, supplying the material for our 
judgment the amplitude and frequency signals sent out certain 
transmitters such voices musical instruments. The vestibular ap- 
paratus serves very complex purpose. Because its central connexions 
provides information not only regarding the relation the head 
the rest the body, but also regards the relation the body the 
world, and the world the body. (Giddiness may involve either “sub- 


jective” “objective” rotation.) one changes one’s posture from sitting 


lying, one moves through number degrees. One may express this 
equally truthfully saying that the world moves through number 
degrees relative oneself. This movement judged the individual 
relative not gravity, but acceleration that is, the rate change 
detected. This another example “motion sense.” The otolith 
organ, thus indirectly assists person maintain position steadily rela- 
tion gravity. 

The balance apparatus being, therefore, only another mechanism 
for mediating motion sense data, should, disordered, give rise false 
sensations motion. well known that spinning giddiness, objective 
subjective type, accompanies abnormal vestibular function, 
example disease, during caloric stimulation the semi- 
circular canals. When the otoliths the Mediterranean prawn, 
are replaced iron filings, the creature will swim directions orientated 
any local magnetic field. 

Bonnier (1898), the earliest writer the “body image,” studied patients 
suffering from vertigo because they frequently noted relative distor- 
tion disorientation the body against its background. 

Von Cyon (1908) coined the term “space nerve” for the 
apparatus. Von Cyon was especially interested the combined 
the vestibular and visual systems, and believed that only their har- 
monious combination could the normally regards 
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spatial performance. Nowadays the oculomotor and vestibular connexions 
the posterior longitudinal fasciculi are well recognized. Derangement 
these connexions associated with disorientation, either the form 
double vision relative unsteadiness sense abnormal motion. 
Such derangement accompanied clear clinical evidence disordered 
motion namely the phenomenon nystagmus. 

Hearing and motion personal behaviour response 
auditory stimuli frequently reveals very complex organization the 
receptive and expressive use symbols. eryday examples are easy 
find. may consider the process “tuning.” The piano tuner 
violinist uses constant source sound (in respect frequency but not 
amplitude), such tuning fork, piano note, “A” the oboe, 
electronically pure tone from amplifier. turning screw, 
means lever with his fingers, adjusts the string tension until 
vibrates the air the correct speed match the existing vibration. The 
organ tuner obtains similar results moving metal collar tongue 
one other end the pipe, until the vortices air reflected from the 


pipe lip are similar frequency the model. When select station 


our radio sets are using motion sense surprisingly complex manner. 
The ear appreciates and checks the wave-length provided the 
transmitter. This wave-length has been roughly obtained visually 
moving pointer over dial the neighbourhood name number 
symbolizing its visual outline the desired station. 

Distortions hearing such occur disease, seventh 
nerve affection, with paralysis the stapedius muscle. causing hyperacusis, 
are frequently likened patients sounds which occur when 
wireless not quite tune.” 

previous paper (Gooddy and Reinhold, 1952) quotation from 
(1709) was used illustrate similar point 

“By the variation noise perceive the different distances the coach and 

know approaches before out. Thus the ear perceive distance, just 
after the same manner the eve.” 

Space does not permit the amplification the principle motion 
sense with regard sensations and taste. Without difficulty 
may shown that rate stimulus, duration and direction are the essen- 


tial underlying features these modalities. 


SUMMARY 


The basis all perception involves common process, which includes 
(i) stimulus, and (ii) connecting conducting mechanism. 
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All sensations depend upon the production, transmission and arrival 
the brain afferent impulses, which are successive events time. 
have, therefore, not several and discrete senses, but universal 
motion sense from which have made, because our evolution and 
structure, certain abstractions. 

Vision, hearing, feeling, smell and taste are not infinite series 
little men our each with eyes, ears, fingers, noses and tongues, 
and each with his own little These perceptive faculties are part 
universal motion, which the brain itself also part. 


The statement has been made Part this paper that afferent 
stimuli, perceived man sensations, are successive events, and that 
their serial nature causes the individual describe them 
specific temporal attributes. Sensations are always perceived having 
spatial location. recognize sensations originating either upon 
within certain regions our bodies (as the case touch, pain, postural 
sensibility and other modalities), outside our bodies but 
within limited surroundings, the case vision, hearing 
Therefore all sensations possess temporal and spatial 
tion must regarded dynamic process occurring continually during 
life, each new perception embodying the sum its predecessors. Percep- 
tion demands action the part the individual 

Afferent stimuli affect indiscriminate manner throughout life. 
Their temporal and spatial qualities are attributed them Cerebral 
disease may interfere with this performance, and certain patients are 
unable perceive their correct location, correct sequence 
time. The phenomenon tactile inattention,” tactile extinction 
example faulty spatial localization tactile stimuli. Visual 
disorientation may occur result the inability localize visual 
stimuli correctly field space. 

healthy man perceives selected always 
though inconstant spatial and temporal pattern. This pattern achieved 


means the continuous active relationships. The spatial 


qualities sensations immediately perceived that is, excluding abstract 
conceptions space are strictly related the individual who perceives 
them. stated previous paper (Gooddy and Reinhold, 1952) that 
perceive space related our own central longitudinal axis, and 
areas either side this axis called the right and left sides. sug- 
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gested that all voluntary movement accomplished directions either 
parallel to, rotating about, the central axis. individual tends 
regard immediate space the form two fields which extend either 
side the body, and which merge the mid-line before and behind. The 
spatial fields are largely determined vision, partly feeling which 
includes postural sensibility and touch, and partly hearing, especially 
blind people. man possessing sight, the spatial fields naturally 
extend further front and side him than behind, where vision 
limited. All sensations are therefore localized the perceiving indi- 
vidual the right and left fields space, within 
the body, the central axis where the fields merge. 
pattern conforms, course, the anatomical structure and physiological 

Because afferent stimuli occur succession events, because they 
are perceived means the judgment motion (as discussed earlier), 
and because they have spatial location, sensations possess dynamic 
directional attributes. 

will suggested here that sense direction” necessary for 
full and complete perception. The sense direction involves ability 
appreciate motion field space. The motion particles cannot 
perceived such. Motion always perceived means the changes 
sensation which produces. man sitting moving train realizes its 
only because sees the landscape sliding past, and feels the pres- 
sure the seat against him. The airfield sock demonstrates the presence 
and direction wind; changing postural sensations indicate movement 
limb. 

The sense direction will defined here the ability appreciate 
motion field space, the motion being perceived means changing 
sensations, and taking place between two temporarily fixed points. Both 
points are within the range immediate perception, and related the 
individual’s knowledge the position his body his environment. 


addition motion immediately perceived, man may have 
abstract comprehension motion and direction. Abstract ideas motion 
are usually dependent upon systems symbols. Such symbols take the 
form words directional significance North, South, East, West, 
before, behind, towards, beyond, and on, designs patterns 
signifying directions, such arrows, signposts, compass points, mathe- 
matical symbols (x, —), geometrical figures and many others. 
These symbols are meaningless when applied concrete situations unless 
individual possesses clear notion his own position space. The 
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language directions may disturbed patients suffering from cerebral 
lesions, while the underlying notions motion and direction are preserved. 
possible conceive abstract ideas regarding motion without 
direction, but practice movement always takes specific directions, 
determined specific changes sensations. The specific directions 
movement are dependent upon the spatial qualities sensations which 
have been discussed above, and the spatial qualities are turn dependent 
upon the spatial relations the individual’s own body, the central axis, 
the right and left sides, and the fields space extending beyond these 
sides and merging the mid-line. Movement begins one point and ends 
another. human individual able appreciate the flow motion 
directions from right left, and vice versa, directions radial 
and from the central longitudinal axis, parallel it. Afferent stimuli 
all kinds, perceived sensations, are always endowed with qualities 
direction the normal individual. suggested that this ability 
endow sensations with directional qualities assists achieve 
coherent pattern himself and the universe. active process, 
active effort the maintenance sensory relations, which are constantly 
shifting and altering with each moment time. Man orientates himself 
the world preserving dynamic equilibria. Vision particularly 
dependent upon the sense motion and motion specific direction. 
When healthy person looks three-dimensional object, must 
maintain actively the relations the planes the object one another 
and himself. cerebral disease may lose this ability and visual 
disorientation may result. Similarly, the recognition the size, shape 
and nature object means touch and postural sense alone 
(stereognosis) requires the understanding the relative positions and 
directional flow one plane the object another, the whole united 
dynamic equilibrium result the exploration the moving hand. 

Voluntary movement and the performance such functions writing, 
reading, calculation, sewing, painting, and drawing, 
perception sensations and the ability change the direction motion. 
Certain faculties, such calculation, involve also the ability com- 
prehend motion abstract manner. Once initial movement 
performed, continuation flow constant direction easily carried 
out. Change direction, however, involves further action. Skilled move- 
ments, and such performances writing reading, require that direction 
should frequently changed. 

“Direction” therefore affects human orientation space with regard 
the location sensations, and also regarding the more complex per- 
formances such voluntary movements, dressing, laying the table and 
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finding the way, abstract thinking, reading, writing, calculation, and 


on. 


Disordered spatial location sensations gives rise varieties dis- 
orientation. These may divided into two main groups: firstly, those 
which not involve symbol systems, and secondly those which do. The 
following disorders belong the first group: 

(1) Defective two-point discrimination. 


(2) Visual and tactile “inattention” and disorientation. patient 


may perceive tactile sensation originating situation other than the 
correct site origin else appears disregard neglect 
sensation, occurs with the phenomenon known tactile inatten- 
tion,” “tactile extinction.” This state affairs applies 
disordered location visual sensations, resulting visual inattention 
and visual disorientation.” 

(3) Disorders postural sensibility. 

(+) Disorders voluntary movement (“apraxia”) 
dressing apraxia.” 

(5) Disordered appreciation solid form astereognosis 

(6) Autotopagnosia.” 

(7) Right and left disorientation (while symbol knowledge retained). 

(8) Finger agnosia. 

The following disorders belong the second group: 

(1) Difficulties the understanding and expression written and 
spoken language. 

(2) Difficulty with calculation. 

(3) with mathematical geometrical symbols. 

Difficulty with drawing. 


wish mention once again the dynamic nature human percep- 


tion and performance, which require active judgment and constant adjust- 


ment. shall discuss this more fully later. Before doing so, however, 
shall describe briefly series patients suffering from variety the 
disorders mentioned above, with particular emphasis upon disordered 


appreciation direction. 


Case (No. 39361), right-handed man 73, admitted The National 
Hospital under the care Dr. Meadows. His former occupation 
that furniture designer. had been accustomed draw and execute his 
furniture. When admitted, the patient was suffering from the effects one 
more vascular lesions the left cerebral hemisphere. complained poor 
vision and the inability read, 
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examination, was found that right hemianopia was present. Apart 
from very slight increase reflexes the right side, abnormal long tract signs 
were The patient’s blood pressure was 250/110. was totally unable 
read. His writing was very poor. Powers calculation were defective. 

The patient slowly improved during his stay hospital until was able 
write and read fairly competently, although slowly. Certain other disorders were 
discovered admission which also slowly improved. These will now described, 

The patient showed some right-left disorientation. When asked draw 
clock drew the following: 


Fic. 


circles drawn the patient were drawn anticlockwise direction. 
will noted that the last drawing the figures are not placed accurately 
the circumference the circle. complained spontaneously that had great 
difficulty writing “properly the line.” While wrote, believed kept 
accurately the line, but when came inspect the page, found “he was 
quarter inch below the line every time.” The patient was asked draw 
two arrows, one pointing the left and another the right. understood 
perfectly what was expected His attempts are shown fig. 354. 

This test was repeated numerous occasions. The patient was never able 
draw arrows correctly spontaneously, when requested so. was, however, 
perfectly able copy the two lines which form the angle arrow-head when 
these were shown him. was asked copy figure incorporating arrow. 
(See fig. 6.) 

The patient complained bitterly that there was something wrong with his 
right side all the time. This side “got the way.” 


Ls 
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was asked draw design for card table. (Before his illness, had been 
expert this.) His attempt shown here. 


Fic. 


has been mentioned that during the early part his illness, the patient 
had great difficulty with reading but this later improved. While hospital, 
was discovered that could read much more easily was able watch the 
examiner actually drawing the letters that was able study their formation 
slow motion. When his reading and writing improved, was able copy 
drawings arrows perfectly well, although the time his leaving hos- 
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pital, was not able draw them correctly spontaneously. The patient had 
certain amount difficulty drawing line from left right. preferred 
right left direction. 

The copying figures and lines forming the angle arrow-head is, 
course, concrete performance. This patient was able join rows given dots 
all directions, some with greater ease than others. 


Discussion.—This patient was able copy certain lines and figures and 
join given points all directions, which performances are concrete 
mentioned above. was, however, quite unable draw complete 
arrow spontaneously. must therefore conclude that the drawing 
arrow-head involves more than the movements specific directions 
employed the concrete performances. involves concept, abstrac- 
tion, idea motion specific direction. 


Case (No. 40912), right-handed man aged 59, was admitted The 
National Hospital under the care Dr. Purdon Martin. was suffering from 
the effects secondary cerebral carcinomata, which had developed from primary 
bronchial carcinoma. admission, however, appeared suffering mainly 
from the effects lesion the right cerebral hemisphere. had small left 
homonymous defect the visual fields, and the remaining portion the left 
homonymous fields visual inattention could demonstrated. The patient seemed 
have some difficulty turning his eyes the left. showed considerable 
neglect the left side. When asked move the left arm moved the right 
arm instead. His left arm was possibly slightly weaker than the right. Reflexes 
were brisker the left side than the right and left extensor plantar reflex 
was obtained. There was marked “tactile inattention” the left when simultaneous 
stimuli were applied the right and left arms. gross impairment of, the sense 
position could demonstrated the left arm. Pain and posture were, however, 
normally appreciated the left arm and fingers. The patient showed some 
confusion regarding right and left, not his own body but relation outside 
space. (He understood the words right and left.) tended project his own 
image forward that called the right hand the examiner (which faced his 
left hand) the left hand. When, asked pick his own left hand with his right, 
while the examiner’s hand was placed near his own, with his eyes open 
generally chose the examiner’s hand instead his own. Then, when asked 
touch the hands was able distinguish his own hand correctly. 

The patient also showed other forms disorientation. lost his way the 
ward, had great difficulty with dressing, could not construct figures with matches, 
and was unable understand the terms “nearest and farthest.” had some slight 
difficulty with reading (he read “kiss” “miss” and “whisper” “shipper,” 
but could read such words “machine” and “mackintosh” correctly.) had 
difficulty with the expression speech although tended perseverate. 
appeared understand speech without difficulty and co-operated well during the 
interviews. 

was asked draw wheel with spokes it, firstly when the centre the 
wheel was marked for him the examiner, and then without the centre marked. 


was asked point the right; was unable so. Instead, 
pointed across his body with his right hand towards the left hand side. was 
able point forwards, and when asked point screen the right-hand 
side him, was able so. 
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This patient’s condition rapidly deteriorated during the next two months, 
the end this time died. post-mortem, large, secondary 
seen the right parieto-occipital region the brain; numerous small secondaries 
were scattered throughout both hemispheres. 


Case 3.—M. (No. 40289), right-handed woman, aged 54, admitted The 
National Hospital under the care Dr. Critchley. This patient was suffering 
from the effects left-sided cerebral lesion, and right-sided lesion was also 
possibly present. The patient had had primary carcinoma the breast removed 
few years before the onset her present which was thought due 
the presence cerebral metastases. While hospital, however, her condition im- 
proved greatly and alternative diagnosis accident was suggested. 

When seen the outpatient department, the patient was totally unable read 
write and her expression and comprehension speech were very defective. 
While hospital she improved such extent that she showed only occa- 
sional difficulty with speech and her writing became almost normal. 

admission, examination showed visual inattention the right homonymous 
fields. other physical signs were discovered, apart from defective two-point 
discrimination the right hand. The blood pressure was 130/80. The patient also 
suffered from some right-left disorientation, projecting her own right and left 
sides forward into space that she called the left hand (facing her 
own right one) the right hand. She knew her own right and left 
well. She was unable tell the time clock. When asked draw clock face 
she began insert the figures anti-clockwise manner. 

She always drew the circle anti-clockwise manner. 

When asked write her name and certain letters and figures, she performed 
follows (fig. 9): 

can seen that her writing whole words and sequence numbers 
better performed her writing single figures 

She was asked arrows pointing the left and right, using first her 
right and then her left hand. One these drawings shown here (fig. 10) 

She was asked copy number lines which were joined together form 
various She was able this moderately well. She was asked copy 
design incorporating arrows (fig. 11) 


The patient was asked point the She said don’t understand 
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what vou mean.” She was asked “point the patient who the bed over 
there” (on the right-hand side the patient, the direction being indicated the 
examiner turn the head.) The patient was able this. She was quite 
unable understand the abstract terms towards” She was asked 
draw spoked wheel. one occasion the centre the wheel was inserted the 
examiner for her the drawing, before she began make the spokes. 
another occasion, she was left herself. The results are shown (fig. 12). 

She was asked draw the outline face profile. order this without 
specific direction. She gave the attempt quickly but tried console the examiner 
with the sketch full face. 

When the patient improved, she was able draw arrows more less correctly 
her notions the directions which the arrow-heads should point 
seemed clearer, Arrows drawn first with her right and then with her left hand 
are shown here (fig. 13) 

She was even able make some attempt inserting the hands clock face 


| | 
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drawn for her, although she was unable place them positions indicate 
various times when requested so, 

When she left hospital, she was able write her name and read fairly well 
although she still made some mistakes. 


these pages have tried outline dynamic picture the nervous 
system and perception, picture motion, fluctuation and change. 
have suggested that afferent stimuli are motion, that perception involves 
the judgment motion, and that man perceives the world and himself 
state dynamic equilibrium. now suggest that the function 
the cerebral cortex select, abstract and differentiate complex patterns 
motion which arrive perpetually stream afferent stimuli from 
lower levels the nervous system. not know, and perhaps shall 
never know, how afferent stimuli become sensations. generally 
believed, however, that afferent stimuli arise within the body are 
received from outside, are transmitted, integrated, selected, dif- 
ferentiated and finally, mysteriously, form basis for the qualitative 
conscious experiences perception. Normally man may appreciate 
several sensations simultaneously. These sensations occupy single 
moment time and must considered single qualitative experience 
many dimensions. The components dimensions the experience 
may distinguished from one another differences quality and 
location. For example, visual experience distinguished from simul- 
taneous auditory one, two simultaneous tactile sensations are distin- 
guished from one another differences quality and position. The 
differences quality belong perception, and therefore the conscious 
mind. The cortex unable appreciate quality. functions terms 
rate and quantity. believe cortical function represent, some 
stage, the basis for sensation perception, then, single given moment 
time, single, although complex, unit total cortical activity must 
considered (the entire cortex being simultaneously involved) 
basis for the single qualitative experience described above. The cortex, 
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have said, selects and abstracts patterns motion. The more finely 
differentiated these patterns, the more subtle and complex, perhaps, will 
the resulting sensation. must emphasize that the cortex, 
know it, functions terms rate and quantity and cannot appreciate 
sensations, nor the peculiar attributes and dimensions mind. the 
latter belong the spatial and temporal properties ascribed perceiving 
man sensations. Denny-Brown (1952) has recently suggested that the 
parietal cortex concerned with spatial summation and its function the 
recognition form.” not believe that the cortex can recognize 
form nor comprehend space. suggest instead the following theory 
cortical activity relation the purely mental notion space. 
Streams afferent stimuli arise perpetually from the living body 
man and travel towards the cortex and consciousness. dynamic repre- 
sentation the various parts the body thus produced, the form 
motion patterns. The afferent impulses are received the cortex 
which selects and abstracts them, creating more complex and more highly 


differentiated patterns motion. Some these patterns are 
consciousness sensations. have emphasized here and previous 
paper (Gooddy and Reinhold, 1952) the view that the body bilateral 
structure, merging the mid-line the central longitudinal axis. The 
two halves the body, although anatomically joined, behave separate 
entities. the words Gesell, his book describing infant behaviour 
(1952), “In spite his bilateral construction, man does not face the 
angle and makes his escapes also obliquely 

suggest that the streams afferent impulses arising from one-half 
the body and formed into complex motion patterns the cortex are 


contrasted the mind (at conscious and unconscious levels) with the 


motion patterns from the other half the body, the dynamic representa- 
tion one part, say the hand, being contrasted against that another, 
say the arm, and these turn are contrasted against the trunk and head 
and lower extremities. man orientates himself space means his 
knowledge one half the body relation the other, the position 
one portion limb relation the other parts. Location 
stimuli thus dependent upon cortical motion patterns, each one differing 
from the next, which represent the limbs and the body man. 
have previously tried show that person perceives space relation 
his body the body whole and its individual parts. Space 
perceived the right and the left, merging the mid-line, front 
the body, behind, above and below it. Space idea, product 
mind. The idea space entirely dependent upon multiple contrasts and 
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comparisons outlined above. the human organism were radially sym- 
metrical, should have very different notions space. 

All perception and all abstract conceptual thinking involve two 
more sensations concepts. stated Part that man cannot 
appreciate the sensation pin-prick unless has experienced the state 
“no sensation pin-prick.” Similarly, one cannot appreciate darkness 
unless one has previously experienced light. One cannot understand the 
and “nothing.” 


concept “two” unless one understands 
suggest that the function the cortex present consciousness 
dynamic patterns representing contrasting states. have said, one 
side the body contrasted against the other, one part contrasted 
against the rest. The total perception single moment depends upon 
the total cortical activity which consists motion patterns, new and 
vivid complexes afferent stimuli being detected against normal, unob- 
trusive background patterns. The background patterns not 
rule occupy prominent position awareness, but they involve, never- 
theless, constant mental activity. The right side perpetually balanced 
against the left, posture maintained, various so-called automatic acti- 
vities are performed. Against the background, new, vivid startling 
sensations are sharply perceived. one portion the cortex damaged, 
the dynamic representation certain parts the body weakened. 
The relevant motion patterns are diminished and subdued, less activity 
occurs and therefore the healthy side the body is, contrast, presented 
consciousness the more vividly. Under such circumstances, neglect 
unawareness the affected side the body may occur. single brisk 
stimulus applied the affected. side alone, the patient may perfectly 
able appreciate and locate correctly. perceives isolation 
against the less vivid, steady sensations arising from the rest the body. 
The stimulus reinforces, were, the dynamic representation the 
affected side the failing cortex. When, however, symmetrical stimuli 
are applied the healthy and affected side simultaneously, the patient 
may locate the entire sensation one side alone usually the healthy 
side. (This phenomenon known inattention” tactile 
extinction.”) The afferent impulses the healthy side together with its 
normal background patterns, outweigh the subdued activity the 
damaged cortex. The material thus presented for perception consists 
very powerful motion patterns the one hand and weak ones the 
other, the patterns produced the diseased cortex forming only back- 
ground the vivid patterns the healthy cortex. The subsequent 
mental performance spatial location therefore disturbed. The total 
sensation located one side only. The total sensation may the sum 
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the effects the bilateral stimuli, but the unevenness contrasting 
motion patterns resulting from unequal cortical activity may not permit 
correct localization. 

All aspects spatial orientation mentioned above two-point discri- 
mination, postural sensibility, position stereognosis, voluntary 
movements, reading, writing, calculation, autotopagnosis, right and left 
gnosis and on, depend upon man’s ability contrast and compare one 
set dynamic information against another. The dynamic information 
turn involves the power the cortex select and abstract patterns 
motion. suggest that the more active and capable the cortex, the more 
highly developed and differentiated will the resulting motion patterns. 
When cortical activity diminished there will fewer and less subtle 
patterns, less material for the perceiving mind contrast and compare. 
Orientation space thus depends upon cortical activity together with 
active mental performance. 

have attempted, therefore, show that the nervous system 
mediates motion the form impulses waves, which with ever- 
increasing nervous activity become highly integrated motion complexes 
patterns. The patterns may described terms rate quantity. 
These patterns are the basis for perception. not known how they 
become perceived. All attributes apart from those rate and quantity 


belong perception and the mind. The nervous system cannot appreciate 

sensations, nor space, nor time (which are ideas) nor any abstract 

conceptual thought. must regarded only highly developed 
c c 


transmitter motion, itself motion. 


SUMMARY 

this paper have attempted present dynamic concept the 
nervous system. have suggested that afferent stimuli are streams 
successive motion complexes (occurring perpetually the living man) 
which become highly integrated and organized both their way the 
cortex, and result cortical activity. The cortex functions terms 
quantity and rate. The final motion patterns are the basis for perception. 
Perception itself involves the active appreciation change, here called 
motion sense. 

Sensations are actively endowed with spatial properties the man 
who perceives them. They are also perceived possessing temporal pro- 
perties account their serial nature. Because they are endowed with 
spatial qualities and because they are motion, stimuli are perceived 
possessing attributes direction. The sense direction necessary 
for spatial orientation, and for such performances reading, writing, 
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calculation, patients demonstrating varieties 
spatial disorientation are described. 


Sensations, notions space and time thinking are 
attributes mind. Orientation space, therefore, depends upon dynamic 
motion patterns organized the nervous system and upon active mental 


performance. 


Our thanks are due the Physicians named the text, for permission 
their cases. wish also thank Dr. Leonora Reinhold for 
her help. 
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LESIONS THE BRAIN-STEM ASSOCIATED 
WITH RAISED SUPRATENTORIAL PRESSURE 
BY 


LIONEL WOLMAN 
(From the Division Neuropathology, University Toronto, Canada) 


Tue fact that hemorrhage the brain-stem may occur cases with 
increased supratentorial pressure well recognized. Since the pheno- 
was first described Attwater (1911) many reports have appeared 
the literature. has been found accompanying all types space- 
occupying lesion which tentorial herniation caused the increased 
supratentorial pressure. not well recognized that lesions 
occur the brain-stem under similar circumstances, although they were 
described Dott and Blackwood are important cause 
the irreversible damage which follows tentorial herniation. 

this paper cases this type showing lesions the brain- 
stem are described. Although increased intracranial pressure may not 
the sole factor their production, considered major one. 


Case 


ale, aged 59, sustained head injury motor accident. After 
one unconsciousness remained restless, confused, incontinent urine and 
faces, and times delirious till his death five weeks 


Physical had ptosis the left eyelid with fixed dilated 
pupil, 185/85. The C.S.F. pressure was not raised. contained 3,290 red blood 
corpuscles per and mg. per cent protein. One week later there was 
xanthochromia. Radiographs demonstrated fracture the right frontal region. 

Necropsy.—A fracture involving only the outer table the skull was present. 
the right frontal region, with discoloration the overlying deeper layers the scalp 
with old blood pigmentation. Old subarachnoid hemorrhage orange colour was 
situated over the aspect the right frontal lobe extending within cm. 
the superomesial border the hemisphere. 

The right frontal lobe was slightly smaller than the left but the anterior horn 
the right lateral ventricle was dilated. There was old traumatic laceration 
the right frontal lobe. The brain-stem appeared normal apart from few congested 
vessels (see fig. cerebral vessels showed evidence sclerosis. The 
weight the brain was 1,275 grammes. 

Death was due terminal urinary tract infection. 

Microscopic was old relation the 
laceration the right frontal cortex. Many cerebral histiocytes containing blood 
pigment could seen this area. The adjacent cortex and the subcortical white 

matter was and contained numerous hypertrophied astrocytes. There 
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Fic. (Case 1).—Right half sagittal section brain-stem. Macroscopically this 
appeared quite normal but microscopic examination revealed multiple small areas 
softening. 


Fic. (Case 3).—Right half brain-stem cut sagittally the mid-line showing 
area cystic softening the pons. There cortical softening the medial surface 
the right frontal lobe below the genu the corpus callosum. 
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Fic. (Case 4).—Section the pons showing thrombosed artery area 
softening. and stain, 288. 


were multiple small softenings the brain-stem, situated the left half the upper 
pons, the dorsal part the olive and the mid-brain between the red nucleus 
and the substantia nigra. These softenings were cystic and were surrounded 
histiocytes, lymphocytes and hypertrophied astrocytes. The adjacent axis cylinders 
were swollen. blood pigment was present any these brain-stem lesions. The 
bleod vessels their immediate vicinity were not sclerotic and thrombosed 
vessels seen. 


Comment.—The finding multiple small softenings the brain-stem 
was unexpected view the normal macroscopic appearance and 
stressed the desirability looking histologically for brain-stem involve- 
ment traumatic cases with prolonged impairment consciousness. 
difficult certain but seems likely that the softenings, which were 
all the same age, occurred shortly after the injury. They probably 
resulted from thrombosis small vessels due either direct bruising 
their walls fall the blood pressure. Arteriosclerosis was not 
important factor this case. suggested that the raised supraten- 
torial pressure due the hemorrhage, laceration and the right 
frontal lobe resulting from the injury, played important part, interfer- 
ing with the circulation tentorial herniation, although this had 
subsided the time the patient’s 


Case 2.—A female, aged 61, slipped the ice hitting the back her head. She 
had nausea and vomiting, with severe occipital headache. Twenty-four hours after 
the accident she became drowsy and lost consciousness. Twelve hours later she was 
admitted hospital with dilated left pupil. left-sided subdural was 
evacuated. After the operation she never regained consciousness and the pupils 
remained unequal. She was stuporose with fluctuating depth coma and the 
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deep reflexes the left side were slightly brisker than the right. She developed 
high swinging temperature and rapid pulse, and died hyperpyrexia with 
temperature 105° F., eight days after operation. 


left-sided subdural hematoma had been evacuated but the under- 
lying hemisphere was swollen and with marked herniation 
the medial surface the left frontal lobe beneath the falx cerebri. There was 
severe herniation the left uncus over which the left oculomotor 
nerve was stretched and narrowed. well-marked Kernohan’s notch was present 
the right cerebral peduncle. There was hemorrhagic infarction the cortex 
the medial surface the left occipital lobe. The brain-stem showed some streaky 
mid-line hemorrhages the junction the mid-brain and pons. The weight the 
brain was 1,465 grammes. 


examination.—The cortex the left occipital lobe showed 
rhagic softening with numerous cerebral histiocytes and The left posterior 
cerebral artery was healthy and its lumen patent. few small arterioles containing 
thrombus could seen the pia-arachnoid, extending the occipital cortex. 
The mid-brain and pons were found have several areas softening containing 
histiocytes, addition the previously noted. There were also many 
the right cerebral peduncle the region the Kernohan’s notch. 
thrombosed artery was seen the centre one the areas softening 
the upper pons. 


Comment.—The infarction the left occipital lobe, the softenings 
the brain-stem and the Kernohan’s notch had similar histological 
appearances and were all the same age. The microscopic picture was 


compatible with duration about eight days. apparent that 


irreparable damage the brain-stem occurred within thirty-six hours 
her before the subdural hamatoma was evacuated. 


Case 3.—A 56-year-old. male fell striking the back his head the floor. 
was rendered unconscious and admitted hospital the following day. 


Physical examination.—The patient was deeply unconscious and his blood pres- 
sure very low. Both pupils were fixed their reaction light and accomodation- 
convergence, but the right was larger than the left. The arms were flaccid and the 
legs spastic with bilateral extensor plantar responses. large right-sided subdural 
was evacuated. The patient remained coma fluctuating depth. 
developed pressure ulcers over the right hip and shoulder, severe cystitis and gan- 
grene the penis. died six weeks after the operation, 


Necropsy.—There was little old subdural the right side with 
old subarachnoid hemorrhage over the right temporal lobe and the orbital surface 
the left frontal lobe. The right temporal lobe was larger than the left and there 
was marked herniation the right hippocampal uncus and herniation the medial 
aspect the right frontal lobe under the falx cerebri. Old cortical softening was 
preseni the medial surface the right occipital lobe the distribution the 
right posterior cerebral artery and the medial surface the right frontal lobe. 
There was well-defined area softening containing old blood pigment the pons, 
midway between the upper and lower borders (see fig. basal vessels showed 
slight arteriosclerotic thickening. The weight the brain was 1,460 grammes. 
There was thrombosis the veins the legs, pelvis and the dorsal vein the penis. 
Urethritis, cystitis, pyelonephritis and epididymitis were present. The lower lobe 
the right lung showed bronchopneumonia. 
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Microscopic findings.—The dura over the right hemisphere showed old sub- 
dural hematoma its deeper aspect with network connective tissue, 
thin-walled vessels and many histiocytes filled with golden yellow altered blood 
pigment. The softening the cortex the right occipital and frontal lobes 
also the white matter and contained many histiocytes. was 
dense gliosis the molecular layer the cortex and numerous hypertrophied 
astrocyies were present the deeper white matter. The overlying pia-arachnoid con- 
tained scattered histiocytes and small round cells but thrombosed vessels were 
seen. The softened area the pons consisted almost entirely histiocytes many 
which contained more than one nucleus, some many three. Many histio- 
cytes were filled with golden vellow pigment. Hypertrophied astrocytes surrounded 
the area but occluded sclerotic vessels were seen the brain-stem. The 
ependymal lining the fourth ventricle was intact but several distended veins and 
capillaries were present the subependymaj tissue. Some these were surrounded 
blood the perivascular 


Comment. areas softening were consistent with duration 


about six weeks. cause for the softenings was found the sections 
and there was only slight atheroma the main cerebral vessels. The 
thrombosed vessels the pelvis and legs were more recent origin and 
could not have been the cause these areas softening. possible 
that the lesions the pons and occipital lobe wera secondary the raised 
supratentorial pressure while the softening the right frontal lobe was 
due herniation the right frontal lobe under the falx cerebri compress- 
ing the anterior cerebral artery. 


Case male, aged 45, became drowsy and comatose. There had been several 
indefinite minor injuries the head the preceding weeks. subdural hematoma 
was evacuated from the right side, after which remained semicomatose, restless, 
muttering incoherently and responding only painful stimuli. The right pupil 
was dilated and fixed. There was The tone the left side was 
increased but both plantar responses were flexor. Owing the lack improvement 
the right side was re-explored, with negative result, twice subsequently, two and 
five days after the original operation. The patient’s condition remained unchanged 
and died from terminal bronchopneumonia eight weeks later. 


Necropsy.—There was linear fracture the left occipital region the skull. 
The inner surface the dura over the right cerebral hemisphere was stained 
yellow with old blood pigment. The brain weighed 1,332 grammes, showed 
old contre-coup cortical laceration the under surface the right frontal and 
poles. Cortical softening was present the distribution the posterior 
cerebral arteries, the medial surface both occipital lobes. the junction 
the mid-brain and pons there was linear defect 0-2 cm. extending more 
the right the mid-line than the left, due area softening. 
old blood pigment was seen its wall. 


Microscopic cortex the right frontal and temporal lobes 
the area the contre-coup damage showed old hemorrhage and softening extend- 
ing into the superficial white matter. There were numerous histiocytes, many 
containing blood pigment, the damaged tissue, while many hypertrophied astro- 
cytes were present the adjacent tissue. The occipital cortex showed similar 
features, but blood pigment was absent. The pons and mid-brain 
showed multiple areas softening its ventral part. Numerous histiocytes, some 
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centaining blood pigment were seen the softenings which were surreunded 
hypertrophied astrocytes. lumen artery the centre one the 
areas softening was occluded with organized thrombus (see fig. 


Comment.—The softenings the distribution the posterior cerebral 
arteries and the brain-stem were probably due the raised intracranial 
pressure existing before the subdural was evacuated, eight 
weeks before death. Their microscopic appearance was compatible with 
this age. The finding occluded artery the brain-stem was special 
interest. 


Case 5.—A female, aged 62, was knocked down car receiving head 

Physical examination.—The patient was deeply unconscious admission, but 
moved both arms and legs quite well painful Her pupils reacted 
light and were The deep reflexes were brisk and equal with flexor 
plantar responses. There was bruise withour laceration the forehead. 

remained comatose state with fluctuating depth uncon- 
sciousness for the next two weeks. she was not improving and did not appear 
move her right arm and leg well the left, left-sided burr-hole was made 
the region fourteen after the accident. subdural was 
evacuated, following which the patient improved, responding with grunts when 
questioned painfully She remained this semicomatose state and 
developed bladder infection with ascending pyelonephritis and perirenal abscess, 
fatally fourteen weeks after the accident. 

old orange colour, were present the 
inner surface the dura over both hemispheres. The brain weighed 1,385 grammes. 
There was small area old cortical laceration the temporal gyrus 
the left side with healed fracture running transversely the middle the left 
middle cranial fossa. The cerebral vessels were healthy. the upper pons and lower 
nid-brain there were several well-defined linear cystic cavities running 
direction, 

dura over both hemispheres showed 
ized subdural hematoma with moderate fibroblastic proliferation and phagocytes 
containing old blood pigment. The inferior temporal gyrus the left side showed 
irregular defect the cortex extending down the subcortical white matter 
surrounded hypertrophied astrocytes. There was little blood pigment present 
phagocytes the wall the traumatic defect. The cystic areas the brain-stem 
contained numerous cerebral histiocytes, some which were filled with blood pig- 
ment. There was also small area cystic softening the hypothalamus the 
the third ventricle. thrombosed vessels were seen the sections examined 
the vessels were not sclerotic. 

Comment.—The linear streaky areas softening the brain-stem 
resembled their site and shape the hemorrhage seen cases with raised 
supratentorial pressure. 

Case 6.—A female, aged 47, known hypertensive, suddenly became very dizzy 
and into unconsciousness, 

Physical examination.—The patient was deeply comatose with left-sided hemi- 
plegia. B.P. cerebrospinal fluid was heavily blood stained. Death 
occurred three days later after spastic quadriplegia and hyperprexia had developed. 
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Necropsy.—There was gross hypertrophy the left ventricle with healed rheu- 
matic lesions the pericardium and mitral valve. The kidneys showed benign 
The brain weighed 1,490 grammes. The cerebral vessels showed 
moderate nodular arteriosclerosis The right frontal lobe was swollen due 
large cerebral hemorrhage which had_ ruptured into the lateral ventricle 
There was herniation the right uncus through the incisura the 
tentorium cerebelli and the medial surface the right frontal lobe beneath the 
falx cerebri. The appeared have originated the white matter 
the right frontal lobe. Several small independent hemorrhages were present around 
the massive hemorrhage, the largest which were the anterior limb the 
capsule and the genu the corpus callosum. The brain-stem appeared 
but showed hemorrhage softening. 

Microscopic ventral part the pons showed marked oedema. 
Many the nerve cells this region showed loss granules and few 
the axis were moderately were several small groups 
microglial cells with amounts foamy cytoplasm, The vessels showed 
moderate sclerosis. 

Comment.—The brain-stem appeared normal the naked eye apart 
from but microscopically there was evidence early activity 


microglial cells response recent softening. This case shows that 


the brain-stem can occur the absence any trauma, 


the remaining two cases. 


Case male with hypertension several years duration began 
complain headaches, palpitations and dizziness but apart from blood 
pressure 230/130 there were abnormal physical signs. Three months later 
lost the use his left arm and leg and gradually became drowsy. 

230/130. There was left-sided hemiplegia affecting the lower face and limbs. 
The patient remained this semicomatose state for five weeks, 
twitching the whole the left side the body then occurred and 
became deeply comatose. lumbar puncture this stage showed heavily blood- 
stained fluid. Death occurred seven hours later. 

brain was markedly swollen, especially the right 
weighed 1,730 grammes, There was severe sclerosis the vessels forming the circle 
Willis. The right hippocampal uncus showed gross herniation. hemorrhage 
the region the right external capsule had ruptured anteriorly lateral 
ventricle. There was marked deviation the mid-line structures the left with 
the medial surface the right frontal lobe beneath the falx 
area old cystic softening was present the genu the right internal capsule. 
The brain-stem showed two small areas cystic softening, elongated the dorso- 
ventral direction, the juncticn the mid-brain and pons. 

Microscopic cystic softenings the internal capsule 
stem were approximately the same age. They contained many 
cytes and were surrounded well-marked gliosis. small occluded 
surrounded pigment-containing histiocytes, was seen the pons. 


possible that the softenings the internal capsule 


and brain-stem were due multiple thrombosis occurring the same 
time, patient had severe hypertension and sclerosis cerebral 
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vessels. suggested alternative this coincidence that the 
supratentorial lesion occurred first and the brain-stem involvement was due 
the concomitant swelling the hemisphere with tentorial herniation 
affecting its blood supply. 


Case 59-year-old female, who had complained severe frontal headaches 
for about month, developed right-sided weakness and difficulty speech. After 
some temporary improvement she suddenly became semicomatose four later. 


examination.—The patient could roused painful stimulation but 
trying speak she was extremely aphasic. There was right-sided hemiplegia. 

The the coma fluctuated but gradually became profound. The left pupil 
became dilated and fixed, did the right subsequently. The patient died 
hyperpyrexia six days after the onset the coma. surgical procedures were 
undertaken. 

brain weighed 1,316 grammes. The left frontal and temporal 
lobes were Much wider than the right with flattening the convolutions. There 
was gross herniation the left hippocampal uncus through the incisura the 
tentorium and the medial surface the left frontal lobe beneath the falx 
large glioblastoma multiforme was situated the left frontal lobe. The surround- 
ing white matter was markedly Hemorrhagic softening the cortex 
the medial surface both occipital lobes was present. The hypothalamus, the 
brain-stem the junction the pons and mid-brain and the upper surface the 
right cerebellar hemisphere all showed softening. The cerebral vessels appeared 
healthy. 

Microscopic cortex and superficial white matter the occipital 
lobes showed early softening with numerous hemorrhages. The nerve cells 
showed nuclei and shrunken cystoplasm devoid substance. There 
was evidence arteriolar sclerosis occlusion the lumen any the 

vessels. little cellular reaction was present indicating the short duration the 

The lower mid-brain and upper pons showed several areas 
softening containing scattered polymorphs. There were several petechial 
rhages the mid- especially the region the third nerve nuclei where 
many degenerate nerve cells devoid substance were seen. The cortex and 
white matter the superior aspect the right cerebellar hemisphere the 
distribution the superior cerebellar showed degenerative changes varying 
severity with oedema and fragmentation due recent softening. poly- 
mcrphs were present and the Purkinje cells had pyknotic, poorly defined nuclei 
with shrunken abnormally deeply staining cytoplasm. 


Comment.—The softenings this case were particularly severe and 
widespread due presumably the sustained intracranial pressure. 
All the softenings were recent origin. the occipital cortex there was 
little cellular reaction whereas the brain-stem the presence scattered 
polymorphs indicated duration few days. this case both trauma 
and arteriosclerosis could eliminated contributary factors. 


Although these cases form mixed group conditions, and com- 
plicating factors, such trauma and arteriosclerosis were present some, 
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suggested that important factor the production thrombosis 
arteries and brain-stem softenings was the increase supratentorial 
pressure common all, process similar that resulting brain-stem 
hemorrhage cases with tentorial herniation. The rate which the 
tentorial pressure cone developed, its size and its duration would some 
the factors determining whether hemorrhage thrombosis occurred. 


The cases reported this paper had relatively slow development 


the supratentorial lesion with sustained increase the intracranial 
pressure. out cases subdural the exact time inter- 


val between the trauma and the release supratentorial pressure was 
known. Intervals twenty-four hours, thirty-six hours and fourteen days 
had elapsed before the was evacuated. the remaining cases 
was impossible know this time factor owing the nature the lesion 
the absence surgical treatment. However, the hypertensive patients 
survived three days and five weeks after the occurrence their strokes, 
while the patient with glioma died six days after the onset coma. 

For comparison, series cases with supratentorial space-occupying 
lesions all terminating brain-stem was studied. Although 
brain-stem softening may have been present these cases well, the 
occurring into the softened areas, evidence this was found 
microscopically only about per cent the series. This not sur- 
prising when per cent were dead within twenty-four hours the onset 
brain-stem symptoms. The duration survival after head injury, 
cases subdural and extradural hemorrhage, after the onset symptoms, 
cases cerebral hemorrhage and after the onset coma, cases 
cerebral tumour, shown Table certain that the 

cases with survival 
Number Less than More than 


Subdural hematoma 
Extradural 
Cerebral tumour 


duration the tentorial pressure cone could not exceed the time interval 
between injury, the onset and death the first three 
groups cases, the tumour cases the duration much more indefinite. 
The onset coma, being fairly clear-cut incident, had utilized 
indicating herniation sufficiently severe affect mid-brain functioning 
The table emphasizes that acute subdural hematoma, producing ten- 
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torial herniation and brain-stem hemorrhage, can important cause 
death within twenty-four hours injury. 

Despite the possibility both and thrombosis being pre- 
sent these cases, comparison with the cases showing only brain-stem 
softening suggests that hemorrhage into the brain-stem supervenes cases 
where there has been severe sudden acute tentorial herniation, while 
thrombosis more likely found cases with slowly developing, 
less severe, more prolonged herniation. result the slow develop- 
ment and prolonged increase the supratentorial pressure, the herniation 
may equally large both groups. Even tumour cases where pre- 
sumably the increase supratentorial pressure slow development, the 
tentorial herniation may become much more rapid and acute process 
once the mid-brain displaced, compressed distorted owing the 
interference with the flow cerebrospinal fluid along the aqueduct. 

herniation through the incisura the tentorium increases there will 
interference with both the venous drainage and arterial blood supply 
the upper brain-stem. According Sterzi (1915), the venous drainage 
fairly profuse into venous plexus which surrounds the brain-stem and 
converges anteriorly and posteriorly form anteromedian 
median veins. these veins join similar veins the spinal cord, 
while, rostrally, they enter the basilar vein system emptying into the vein 
Galen and the straight sinus. addition some veins the upper 
medulla, pons and lower mid-brain terminate the inferior petrosal and 
transverse sinuses. The veins the pons also communicate with the 
cerebellar system veins, while some the venous drainage the mid- 
brain may enter directly into the superior petrosal sinus. Thus compres- 
sion the brain-stem the incisura would interfere with its venous 
drainage upwards into the vein Galen, while the vein Galen might 
itself forced against the splenium the corpus callosum the ten- 
torium described Stopford such rich venous 
anastomosis, seems unlikely that this interference with the upward 
venous drainage would have effects the brain-stem other than producing 
venous congestion and this would increased ‘by the 
thin-walled veins the generalized raised intracranial pressure. Experi- 
mental work occlusion the vein Galen (Bedford 1934, 1937: 
Schlesinger, 1939, 1940) and personal observations case where this had 
been done man during the operative removal tumour confirm the 
venous congestion but absence brain-stem 

Moore and Stern (1938) stressed the interference with the circulation 
along the basilar artery due obstruction its outflow into the posterior 
cerebral arteries result the transtentorial herniation the upper 
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brain-stem. Thus the branches the basilar artery below the site 
obstruction, supplying the junction pons and mid-brain, will also 
congested. Either thrombosis hemorrhage might result from this 
venous and arterial congestion, due stasis and endothelial damage. The 
rate onset the circulatory interference might important factor 
the final result, although Moore and Stern favoured rise blood 
pressure following increase intracranial pressure, account for the 
That rise blood pressure might result from lesions 
the region the central tegmental tract either mid-brain pons 
animals has been shown Kabat and others (1935) and Atkinson (1950). 
lesion this part the brain-stem could therefore affect 
the blood pressure and lead hemorrhage. 


the primary cause the tentorial herniation can removed, the 


coning will eventually subside and the circulation the brain-stem will 


restored. Until this happens the vessels remain congested and throm- 
bosis likely occur. The importance assisting the disimpaction the 
tentorial pressure cone and making compressed expand, 
cases subdural after the evacuation the clot. becomes 
obvious. Such measures the injection fluid into the lumbar theca 
should diminish the likelihood lesions occurring the 
immediate post-operative period, they have not already occurred. 

Clinical involvement the brain-stem cases subdural 
has often given rise difficulties diagnosis. Nelson (1942) discussed 
this problem, reporting cases, which were examined autopsy. 
Since gross lesion was found the brain-stem either these cases 
suggested that the herniation the medial part the temporal lobe 
pressure the brain-stem and could result functional 
ment structural damage according the severity. The finding, 
histological examination, lesions, some which were 
nor recognizable the naked eye. Case confirms sugges- 
tion. may also the explanation why sometimes cases subdural 
extradural blood clot either fail recover are slow regaining 
consciousness (Jefferson, 1951) after the clot has been removed. 

mechanisms the brain-stem animals, lesions this area have assumed 
fresh interest both clinically and pathologically. Magoun (1950) result 
his experimental work cats, regarded the reticular formation the 
nervous mechanism essential the maintenance consciousness the 
waking state. Lindsley and others (1950) showed that destructive lesions 
activating system the brain-stem cats produced profoundly 
comatose animals, while Meyer and Hunter (1952) were able produce 
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akinetic and apathetic states cats localized coagulation the dien- 
cephalon the region the mammillothalamic Von 
Amerongen and Magoun (1952) found evidence similar activating 
system the brain-stem the monkey. French and Magoun (1952) 
produced akinesis and hypersomnolence monkeys simulating coma 
man, making electrolytic lesions the central 
From these experiments they suggested that order interpret certain 
physiological and pathological alterations consciousness clinically, 
would profitable examine the central cephalic portion the brain- 
stem. 

Many observations have been recorded man concerning lesions 
the cephalic portion the brain-stem. Thus Kinnier Wilson (1920) recog- 
nized that compression the mid-brain was effective cause 
unconsciousness. Penfield (1938) attributed prolonged unconsciousness 
lesion area above, but not far removed from, the mid-brain. Injury 
the mid-brain, and diminishing degree the pons and 
resulted derangements consciousness according the experience 
Jefferson (1952) described the disturbances consciousness 
caused tumours the brain-stem and (1952) 
reported prolonged unconsciousness cases with lesions the central 
cephalic portion the brain-stem. Jefferson (1952) described cases 
with altered consciousness associated with brain-stem lesions. autopsy 
material was available prove the precise limits the nature the 
causative lesions but the present pathological study supports his specula- 
tions. 

well softening was seen the brain-stem the 
cases thus supporting their similarity mechanism. Globus, discuss- 
ing the presentation Wilson and Winkelman (1926) the American 
Neurological Association, suggested that these brain-stem 
accompanying supratentorial may occur into area encephal- 
omalacia. may that slow development the tentorial coning 
sluggish rate subsidence after treatment the primary condition, 
encourage only thrombosis, although hemorrhage frequently ensues. 
the mechanism hemorrhage and thrombosis the same cases with 
tentorial herniation, then the finding thrombosed arteries the brain- 
stem, reported this paper, additional point favour the 
arteries the controversy which has raged over the arterial (Kolisko, 
Greenacre, 1917; Moore and Stern, 1938: Dill and Isenhour, 1939; 
1949) venous (Scheinker, 1945, 1952: Echols and Rickles, 
Cannon, 1951: Kendrick and Hicks, 1952) origin the 


brain-stem 
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SUMMARY 

cases are presented which lesions were found 
brain-stem associated with raised supratentorial pressure. 
responsible for the supratentorial lesion cases, resulting lacerated 
frontal lobe case and subdural the other cases 
cerebral hemorrhage caused the raised 
sure. the remaining case frontal glioblastoma multiforme was present. 
this case both trauma and arteriosclerosis could eliminated factors 
the brain-stem thrombosis. 

Although other factors may play part, suggested that these 
lesions may result from tentorial coning and have 
mechanism the more common and better known brain-stem 
rhages occurring under similar conditions. The finding thrombosed 
arteries the centre the areas softening the brain-stem 
cases point favouring the arterial origin both and 
lesions. 

suggested that ischzemic lesions are more likely develop where 


the increase supratentorial pressure slow prolonged 


duration delayed subsiding. Their importance clinically explain- 


ing cases with prolonged unconsciousness and their relationship recent 


experimental work the central cephalic portion the brain-stem 


animals discussed. 
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SUBDURAL COMPLICATING 
INTRACRANIAL ANEURYSM AND ANGIOMA 
BY 
EDWIN CLARKE JOHN WALTON 


(From the National Hospital, Queen Square, London, and the Department 
Medicine, the Royal Victoria Infirmary, Newcastle upon Tyne, Durham.) 


the introduction cerebral angiography and improved 
cal techniques, interest intracranial vascular has increased. 
Both intracranial aneurysms and angiomas can now diagnosed with 
ease, and successful treatment often possible. thus considerable 
importance that the intimate clinical pictures and complications these 
structures should well known. Rupture frequent event the life- 
history vascular anomaly and although most occasions the result- 
ing hemorrhage confined the subarachnoid space and brain, more 
rarely the subdural space invaded, producing subdural 

have collected the records cases illustrating this complication. 


were obtained from scrutiny the records the Victoria 


Infirmary, Newcastle upon Tyne, series 312 cases subarachnoid 
admitted during the years 1940 1949 inclusive and 


study the pathological findings all cases subarachnoid hemorrhage 


which came autopsy between 1920 and 1939. These series have been 
reviewed elsewhere (Walton, 1952). cases from the National Hospital, 
Queen Square, are added. the cases the vascular lesion con- 
cerned was aneurysm and was angioma. With the aid 
similar cases from the literature propose point out the salient 


features this complication. 


CLASSIFICATION CASES 
pointed out Logue (1951) not uncommon find small 
amount blood the subdural space following severe subarachnoid 
Occasionally, however, there more significant collection 
which produces symptoms and and influences the course the 
illness. therefore, divide cases intracranial vascular 
anomaly with complicating subdural into groups depending 
The term “vascular used here describe all 


aneurysms and angiomas although realized that some the former (those 
mvcotic type, for example) may not congenital origin. 
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XUM 


COMPLICATING INTRACRANIAL ANEURYSM AND ANGIOMA 379 


upon the amount clot present and the clinical course (Clarke and 
Gooddy, 1953). 


Group Cases with massive and rapidly fatal intracranial 

Group with only insignificant quantity subdural 
blood. 


Group Cases with clinically significant subdural hematoma 

which not rapidly lethal. 

There are addition few cases the literature that cannot 
classified because paucity information. Thus Laudig, Browder and 
Watson (1941) note cases non-traumatic subdural 
which had been formed rupturing intracranial aneurysms and 
leaking angioma. King (1943) mentions case and quotes Halpern 
having published another. The cases (Cases and reported Unger- 
man and Lowbeer (1947) are not described enough detail. 

The case Johnson and Lyerly (1946) need not considered, despite 
the title their article, and that Feld (1947) also excluded, for 
although subdural membrane was found, there was subdural col- 
lection. 

The patients this group have suffered catastrophic and destructive 
intracranial hemorrhage during which blood has entered the subdural 
well the subarachnoid space and may also have invaded brain sub- 
stance. Death occurs from few hours two three days later and the 
subdural collection merely part terminal event, reflecting its 
severity. Treatment valueless, for irreparable damage has taken place. 

typical examples this type case have been selected from 
published reports and are collected Table other cases have 
been described which probably fall into this group (White, 1895, Case 
Symonds, 1923, Case Hassin, 1927; Mallory, 1942), but from the infor- 
mation provided not possible certain that the subdural clot 
found autopsy was the product the final hemorrhage: conceivably 
some invasion the subdural space could have occurred earlier 
stage the illness. Richardson and Hyland (1941) also 
patients who died soon after the ictus, whom subdural collections 
were found. 

The subdural were all large and death resulted 
hours after the onset. each case intracranial aneurysm was the 
responsible lesion and usually this complication resulted from the first 
bleed. The mechanism whereby blood reaches the subdural space will 


discussed later. 
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our cases, belong this group. 
Cc 


Case fatal subdural, subarachnoid and intracerebellar bleeding caused 
aneurysm left posterior inferior cerebellar artery. 

L.M., girl, aged 12, collapsed the street November 10, 1936, and 
arrival the Royal Victoria Infirmary, Newcastle upon Tyne, she was found 
dead. 

Autopsy (Dr. Stephenson).—The convexity dura was tense and large 
collection fresh blood was found beneath both but more the left. 
The subdural space the anterior and middle and the left postericr fossa also 
contained blood but there was only very small amount subarachnoid blood, 
mainly the left posterior fossa. aneurysm the left posterior inferior 
cerebellar artery had ruptured directly into the space and also into the left 
lateral lobe the cerebellum producing hematoma cm, diameter. 

Comment.—This typical example the type case where the 
intracranial bleeding overwhelming and rapidly fatal. The subdural col- 
lection was but one part more extensive and destructive process. 
interesting feature this case that the aneurysm ruptured directly into 
the subdural space that the subarachnoid space near-by was only 
slightly contaminated. 

Case 2.—Fatal rupture aneurysm right internal carotid artery involving third, 
fourth, fifth and sixth cranial nerves, with subdural, and 
bleeding and almost immediate death. 

housewife, aged 40, was admitted the Victoria Infirmary. 
Newcastle upon Tyne, June 1941, under the care Professor Nattrass. 

Two months previously she had sustained mild head injury with loss 
consciousness for two hours and cut over the right eye. About three weeks later 
burning pain began behind the right eye, the upper lid began droop and she 
experienced diplopia. addition, there was feeling the right side 
the face. 

examination, there was complete right ophthalmoplegia with impairment 
sensation over the first and second divisions the right trigeminal nerve. The 
right corneal reflex was absent but the motor functions the trigeminus were intact. 
The central nervous system was otherwise normal. 

clinical diagnosis the internal carotid artery was made 
and was contemplated. However, six days after admission she 
became comatose and died one hour later. 

Autopsy (Dr. Thomson).—There was fresh subdural clot over both con- 
vexities but more the right side, where reached thickness cm. There 
was also blood the subdural spaces the base, except the left posterior fossa, 
and the clot was maximal the right middle fossa. The basal subarachnoid spaces 
contained blood and posterior the right cavernous sinus there was aneurysm 
the internal carotid artery near its termination, 2-5 cm. size. had 
circular opening medially from which was protruding soft, recent clot. There was 
some local destruction brain tissue the undersurface the right temporal lobe, 
but actual intracerebral clot. The skull showed evidence recent fracture. 


Comment.—From the autopsy findings, was clear that this aneurysm 
had been present for many years. Some dilatation the aneurysm 
small amount local could have occurred the time 
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the local injury, but the subdural and subarachnoid blood was product 
the terminal rupture. 


Case 3.—Ruptured aneurysm left middle cerebral artery Sylvian fissure 
intracerebral, ventricular, subarachnoid and local collections, Death 
eight hours. Unruptured aneurysms right middle cerebral and anterior com- 
municating arteries. 

G., insurance agent, aged 45, was admitted the Royal Victoria Infirmary, 
Newcastle upon Tyne, September 13, 1947, under the care Dr. Armstrong. 
Seven hours previously had experienced the sudden onset dizziness and 
vomiting, and then had lost consciousness. admission was comatose 
and died hour later. 


Autopsy the left Sylvian fissure there was fresh 
subdural blood clot, cm. thickness, which did not extend the base. the 
subarachnoid space the blood was maximal the same region and the responsible 
lesion was found ruptured aneurysm 0-4 cm. diameter, lying the Sylvian 
fissure and originating from point the first division the left middle cerebral 


bled into the left frontal and temporal lobes reach the left 


lateral ventricle, addition, there were unruptured aneurysms, each 0-2 cm. 


diameter, one the right middle cerebral and one the anterior communicating 
artery. 

Comment.—Severe bleeding into brain substance and into the sub- 
arachnoid space occurred this case, and owing the force the 
haemorrhage rapid extension beyond the arachnoid occurred. The clot 
the subdural space remained localized over the Sylvian fissure, but 
would possibly have extended further had the patient lived longer. 


QuANTITY SUBDURAL BLoop 


these cases, the subdural blood small amount 
does not influence the clinical course. usually takes the form thin 
film over the convexities which does not compress the brain, although 
the amount may greater the basal subdural spaces. Clinical recogni- 
tion subdural bleeding this degree probably impossible, but cannot 
considered important specific treatment required. 

typical example the case reported Voris (1946, Case where 
the subdural clot was unexpected finding operation, commonly 
occurs such cases. The clot was completely organized, cm. thick- 
ness and limited the inferolateral aspect the right temporal lobe. 
Similar cases have been described Ingvar (1916, -18, Cases and 2), 
Symonds (1923, Case 2), Strauss al. (1932, Case 2), Cookson (1933, Case 
and Dial and Maurer (1937, Case 1), but Logue (1951) has stressed, 
this chain events much more common than reports the literature 
suggest. doubt many authors have not mentioned small amounts 
subdural blood when there were extensive lesions elsewhere. The cases 
quoted all had small quantities subdural blood over the hemispheres 


382 EDWIN CLARKE AND JOHN WALTON 


but least one (Symonds, 1923, Case had more the base. 
the responsible lesion all was intracranial aneurysm. 

Our fourth case example. 

Case rupture aneurysm junction left cerebral with 
anterior communicating artery. Considerable subarachnoid bleeding but subdural 
collection small. 

widow aged 56, was admitted the Royal Victoria Infirmary, Newcastle 
upon Tyne, October 12, 1936, under the care Dr. Horsley Drummond. She 
had been found that day generalized convulsion and her way hospital 
suffered admission she was moribund and died fifteen minutes later. 

Autopsy (Dr. fresh subdural hemorrhage was found over- 
lying both convexities, where was 0-3 cm. thickness, and extended the 
base. The subarachnoid space was filled with blood, particularly the base, but 


A 


tear the arachnoid membrane could found. ruptured aneurysm 
0-2 cm. size was found the junction the left anterior cerebral with the 
anterior communicating artery, 

this case, blood from the ruptured aneurysm had dis- 
tended the subarachnoid space and had reached the subdural space, but 
the mode entry was not discovered. The subdural collection was thin 


the convexities and probably played little part the fatal outcome. 


This the most important group for comprises those cases which 
hemorrhage not severe enough immediately lethal but the blood 
that has collected within the subdural space sufficient volume 
compress the brain. The subdural therefore considerable 
clinical significance, some measure success can expected these 
cases they can dealt with surgically. The eventual outcome is, how- 
ever, determined the nature the underlying anomaly and the 
accompanying vascular lesions, any. 

examples from the literature illustrating this type case are 
found Table II. The cases reported Dott (1933, Case and Hamby 
(1945, Case 14) are not included; although they presented with subarach- 
noid hemorrhage and subdural hematoma and although their authors 
were probably correct presuming the presence ruptured intracranial 
aneurysm, this was not verified. these patients the lesion responsible 
was aneurysm and angioma was found (Voris, 1946, Case 
Norlén, 1949, Case 3). The subdural each case was more than 
few days old and was discovered unexpectedly operation. 
Only Case Logue (1951) was the clot detected before operation 


autopsy and this was made possible carotid angiography. the 
cases, only survived (Dandy, 1945, Case 39: Voris. 1946, Case Norlén. 
1949, Case Logue, Case 2). 
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with some the cases Group was often difficult estimate 
the age the clot and whether had appeared terminally some time 
before death. Case Strauss al. (1932) and Case Garvey (1934) 
present such problem; the the former, however, arose 
from rupture atheromatous artery with aneurysmal dilatation. 

Our remaining cases are included this group. 


Case 5.—Second rupture aneurysm the left middle cerebral artery producing 
subdural and intracerebral hematoma patient with rheumatic heart disease. 
Death following operation. 

G., housewife, aged 30, was admitted the Royal Victoria Infirmary, 
Newcastle upon Tyne, September 13, 1949, under the care Dr. Ungley. 

Six months previously she had sudden attack generalized headache and was 
proved have had subarachnoid but were focal abnormali- 
ties the central nervous system. She was also found have the typical signs 
mitral stenosis, having had rheumatic fever the age years. Apart from 
occasional frontal headaches moderate severity and she had 
further symptoms until a.m. the day admission when she suddenly 
collapsed, vomited, could not speak and within half hour was unconscious. 

examination four and half hours later she was semi-comatose and exhibited 
signs meningeal irritation well right hemiplegia. There was 
clinical evidence mitral stenosis and aortic incompetence. gaining consciousness 
four hours later profound expressive aphasia was evident. lumbar puncture 
done nine and half hours after the onset released deeply blood- 
stained fluid under high pressure; standing the supernatant fluid was yellow. 

During the next week, the patient was semi-stuporose and seven days after 
admission the cerebrospinal fluid (C.S.F.) was under pressure 250 mm. water 
and analvsis revealed 330 red blood cells and white cells per c.mm. (98 per cent 
lymphocytes) and 120 mg. per cent protein. 

the ninth hospital day she was more drowsy and the retinal veins were 
engorged. Although there was change the right hemiplegia, she now became 
more alert and was able speak few was thought that intracerebral 
hzmatoma was present and October 1949, Mr. Rowbotham turned down 
left fronto-lateral flap and found firm blood clot the subdural space over 
the convexity. Beneath this cherry-sized aneurysm arising from the trunk the 
left middle cerebral artery was seen penetrating the arachnoid. the artery 
contained firm thrombus was ligated and the aneurysm was excised. intra- 
cerebral cm. size, which lay the frontal lobe deep the 
aneurysm, was removed. Unfortunately congestive cardiac tailure supervened, and 
the patient died two days later. 

Autopsy.—The intracerebral clot the left frontal lobe reached the surface 
the brain the lower part the precentral region. The basal arachnoid was stained 
golden vellow colour, indicating previous hemorrhage. 


Comment.—There was evidence this case endocarditis, the 
aneurysm was not mycotic origin. However, the cardiac lesion 
influenced the eventual outcome, death was due heart failure. The 
middle cerebral artery aneurysm projecting into the subdural space 
resembles that found Case these cases, Case the aneurysm 
ruptured directly into the subdural space. Only Case had there been 


previous presumably from the same lesion. the fifth 
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case Strauss al. (1932) and our Case the subdural collection was 
localized over the site bleeding, the Sylvian fissure. The fluctuation 
the patient’s condition resembles that well recognized patients harbour- 
ing traumatic subdural The rupture occurred the day 
admission and had cerebral angiography been possible both 
might have been demonstrated and treatment instituted earlier. 


Case 6.—Third and fatal rupture left temporo-frontal angiomatous malforma- 
tion producing subdural, and intracerebral 


O., foreman mason, aged 44, was admitted the Royal Victoria Infirmary, 
Newcastle upon Tyne, August 1946, under the care Dr. Ogilvie. 

Fourteen weeks before admission had suddenly experienced dizziness 
then lost consciousness for two hours. Thereafter had severe headache and some 
neck pain, felt dizzy, disliked the light and vomited frequently. was bed 
for six weeks, Five days prior admission had feeling, developed 
frontal headache and vomited frequently, These latter features persisted. 

examination was suffering headache aggravated coughing and although 
there was neck stiffness, Kernig’s sign was present bilater ally. were 
abnormalities the central nervous system, and the ascula system was 
normal, 

The C.S.F. the day admission was hazy, orange colour and under 

The patient improved steadily and headache disappeared. August 27, 1946, 
however, recurred, the ite fell per minute and the was now 
deeply blood-stained and under pressure 280 mm. There was neck stiff- 
ness but the central nervous system was still normal. The next day suddenly 
lost consciousness with rigidity the limbs, twitching the right arm, and the right 
pupil dilated and became fixed Symmetrical hyper-reflexia bilateral 
extensor plantar responses were present. ifty minutes later left-sided papilloedema 
with retinal was observed and grasp reflex was demonstrated the 
right. Bilateral and large subhy aloid iges present three 
hours after the ictus. died two davs 


Autopsy (Dr. subdural about 1-0 cm. thickness was 


covering practically the whole the left cerebral hemisphere and the subarachnoid 
space beneath this was distended with blood, especially over the left temporal lobe. 


the left frontal lobe there was hematoma cm. which had rup- 
tured into the lateral ventricle. arteriovenous angioma was found the left 
temporal lobe, extending the base the frontal lobe and one point reached 
the surface the brain. measured cm. diameter. 

Comment.—As the cases Voris (1946, Case and Norlén (1949, 
Case the vascular lesion was angiomatous malformation. had 
caused extensive local damage that the prognosis would not have been 
good even with surgical intervention, although the lesion was small. The 
subdural hematoma was, however, important complication 


removal might well have increased the patient’s chances survival. The 


fatal hemorrhage was the third within eighteen weeks but there was 
evidence bleeding into the subdural space either the previous 


attacks. 
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Case subarachnoid, subdural and intracerebral hemorrhage due 
subacute bacterial endocarditis. 


J., shopkeeper, aged 40, was admitted the Royal Victoria Infirmary, 
Newcastle upon Tyne, under the care Professor Nattrass March 10, 1949. 

Three months earlier had been found suffering from subacute bacterial 
endocarditis and was treated with penicillin. appeared make good recovery. 
Twelve hours before was suddenly seized with violent and 
incessant vomiting but did not, however, lose consciousness. 

examination was alert and rational. There was evidence severe menin- 
geal irritation but the central nervous system was normal. There were signs 
severe aortic incompetence and urinalysis revealed trace albumin. 

The was examined twenty-four hours after the onset the headache and 
was found heavily blood-stained, with yellow supernatant fluid. Blood cultures 
were negative 

Systemic penicillin was recommenced and improved. Nine days later, how- 
ever, there was further subarachnoid bleeding, again with slow recovery. After 
another seven days, severe headache returned and right facial 
noticed, and followed two days later right hemiplegia. lapsed into coma 
and died twelve hours later. 

Autopsy (Dr. was extensive subdural clot cm. 
thick over the convexity the left cerebral hemisphere, well considerable 
blood. The responsible lesion was aneurysm cm. diameter 

point branching the left middle cerebral artery the Sylvian fissure. 
arachnoidal tear could found. the base the left frontal lobe there was 
clot cm, diameter. Histological examination showed that the aneurysm was 
mycotic 

the heart there was active endocarditis grossly incompetent bicuspid 
aortic valve and the kidneys showed the typical appearances “focal embolic 
Several infarcts were found the spleen. 


Comment.—This patient suffered least and probably episodes 
intracranial hemorrhage. Post-mortem appearances suggested that the 
subdural was product an. earlier bleed and that the 
intracerebral had occurred terminally. Even the subdural 
and the aneurysm had been dealt with surgically the prognosis 
would still have been poor, for apart from the cerebral lesion, the endo- 


carditis had not responded the therapy employed. 


Case 8.—Fatal second rupture aneurysm the anterior communicating 
artery with subdural, subarachnoid and intracerebral 
anterior cerebral artery thrombosis. 


housewife, aged 67, was admitted the Royal Victoria Infirmary, 
Newcastle upon Tyne, under the care Dr. Dewar, May 26, 1948. 

Ten days before admission she had suddenly experienced occipital headache 
and repeated vomiting. She was found have neck stiffness, and diagnosis 
subarachnoid hemorrhage was made. She improved until the day admission 
when she rapidly became deeply comatose, 

examination she was deep coma and had marked neck stiffness. There 
was bilateral the right pupil was dilated and fixed, and she was 
state decerebrate rigidity. 

The C.S.F. was heavily blood-stained and under increased pressure: the super- 
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natant fluid was yellow. The urine contained large amount albumin but 
sugar. 

She remained much the same state during the ensuing weeks and four weeks 
after the second ictus (June 23, 1948) the C.S.F. was clear yellow, with 
lymphocytes per c.mm. and mg. per cent protein; the Lange reaction was 
5555432100. the same day the cranium was explored Mr. Rowbotham 
and large subdural and subarachnoid collections sero-sanguineous fluid were 
found over the frontal lobes which appeared atrophic. She died three days 
later. 

Autopsy (Dr. Rannie).—The basal arachnoid was stained golden yellow. The 
remnants the subdural collections, about 0-5 cm. thickness, were confined 
the convexities the atrophic frontal ruptured aneurysm, cm. 
diameter, was discovered the anterior communicating artery. addition 
subarachnoid and subdural bleeding, the left frontal lobe had been invaded; the 
hzmatoma formed had reached the left lateral ventricle and blood was distending 
the ventricular system. Both anterior cerebral arteries were thread-like and con- 
tained ante-mortem clot; there was infarction both frontal lobes. 


Comment.—This woman had intracranial catastrophes the space 
ten days, the second being more extensive and involving bleeding into 
the left frontal lobe well the subarachnoid and subdural space. How- 
ever, thrombosis arising the site the aneurysm had occurred both 
anterior cerebral arteries. ‘Thus evacuation the subdural collections 
would not have been expected influence her condition appreciably. 


Case 9.—Aneurysm right anterior cerebral artery rupturing twice with sub- 
dural, subarachnoid and intracerebral hemorrhage. Death. Unruptured aneurysm 
left middle cerebral artery; calcified cyst third ventricle. 

housewife, aged 42, was admitted the Royal Victoria Infirmary, 
Newcastle upon Tyne, under the care Dr. Spence, March 1936. 

Nineteen years previously she had suffered attack aching around the right 
eye which kept her bed for ten days. 

Ten days before admission she suddenly felt and vomited but was able 
walk home, distance about mile The feeling now returned and 
with generalized headache. She rapidly became unconscious and remained for 
about week. regaining consciousness she was confused but could describe 
dull ache around the right eye—simiiar the pain experienced nineteen years before, 

examination she was little drowsy but co-operative. There was complete 
right third nerve palsy with dilated fixed pupil but other central nervous system 
abnormality. Signs meningeal irritation were absent and the other systems were 
normal. 

The C.S.F., fifteen days after the onset symptoms, was clear and colourless 
and under normal pressure. There were lymphocytes per c.mm., mg. per cent 
protein and normal Lange reaction. Skull X-ray showed patch calcifica- 
tion above the sella which was thought suprasellar cyst. 

Improvement occurred, and eleven days after admission (March 20, 1936) she was 
symptom free. However, four days later she had generalized epileptic seizure 
during which the left arm was flaccid. The reflexes were symmetrical 
piantar responses were both extensor. The signs remained unchanged. Signs 
left hemiparesis began appear and the (March. 25, 1936) was bloody 
and under high March another fit occurred and she died fifty 
minutes after its inception. lumbar puncture done half before death 
revealed blood-stained fluid under pressure. 
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Autopsy (Dr. Rose).—There was large subdural hemorrhage covering most 
the convexity the right cerebral hemisphere. places was 1-0 cm. thick 
and its appearances suggested that had been present for some days. ruptured 
aneurysm cm. diameter was arising from the right anterior cerebral artery 
cm. from its origin. addition extensive bleeding into the subarachnoid 
space, there was area intracerebral hemorrhage about cm. diameter 
the undersurface the anterior end the right temporal lobe; had not reached 
the ventricle. the left middle cerebral artery there was unruptured aneurysm 
0-2 cm. diameter with calcification its walls and containing ante-mortem 
thrombus. The seen X-ray was found third ventricular 
cyst 1-0 cm, diameter. 

almost certain that the aneurysm first ruptured ten 
days before admission; the fact that the C.S.F. was clear and colourless 
with only moderate pleocytosis fifteen days later does not nullify this 
conclusion, although suggests that the amount blood circulating 
the subarachnoid space was comparatively small. possible, therefore, 
that the subdural and intracerebral hamatomas were formed this time 
and that the majority the effused blood was lodged these two situa- 
tions. Either these lesions, combination the two, could have 
been responsible for the isolated third nerve palsy, through tentorial 
herniation. the other hand, the clear clinical improvement which 
occurred after the first episode and the relatively normal C.S.F. findings 
fifteen days afterwards not support the assumption that large subdural 
collection was present that time. this event would necessary 
presume that the third nerve suffered direct trauma result the 
subarachnoid hemorrhage, and that the subdural 
formed until the final occurred four five days before death. 
unfortunate that attempt was made autopsy date the 
toma accurately the method Munro and Merritt (1936). were 
formed the time the first bleed, its early release would probably have 
been beneficial; even this were not the case, and subdural collection 
was present until four five days before death, the recognition this 
complication might well have allowed some amelioration through surgical 
treatment. Clearly these diagnostic difficulties would have been resolved 
had angiography been available. 


Case internal carotid artery aneurysm with subdural and 
subarachnoid bleeding, producing ipsilateral third nerve palsy and long tract signs. 
Death. 

B., nurse, aged 26, was admitted the National Hospital, Queen Square, 
November 19, 1928, under the care Dr. Collier. 

She had suffered from headaches” for ten years and her mother had 
“periodic headaches.” 

Two weeks before admission she experienced severe left-sided headache, unlike 
any experienced previously, which gradually mounted severity. Five days before 
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admission the left eyelid began droop, the pupil dilated and vision this eye 
became misty. The ptosis rapidly became complete and meanwhile the headaches 
persisted and were accompanied vomiting. 

examination there was some slight rigidity the neck, complete third 
cranial nerve palsy the left with slight proptosis, and were seen 
both fundi. The nervous system was otherwise normal, were the other 
systems. 

Skull X-ray and urinalysis were normal. C.S.F. was under pressure 
250 mm. and uniformly blood-stained. 

After admission headache subsided but the abnormal findings did not change. 
the fifth hospital day the optic discs were found blurred, the abdominal 
reflexes were absent and the left plantar response was thought extensor. Two 
days later there was definite and the hemorrhages were extending. 
Additional left-sided signs were present and murmur was heard over the left eye- 
ball. The was slightly yellow and contained small deposit red blood cells. 

Ten after admission (the twenty-fourth day the illness) headache was 
again less severe but suddenly she cried out pain, became cyanotic, lost conscious- 
ness and died twenty-five minutes later. The just before death was under 
very high pressure but contained acroscopic blood. 

Autopsy (Dr. the convexity the left cerebral hemisphere 
was large collection subdural blood which extended the base the brain. 
Subarachnoid staining was minimal. the origin the posterior communicating 
from the left internal carotid artery burst saccular aneurysm was seen. 

Comment.—it has been suggested (Clarke and Gooddy, 1953) that the 
clinical picture this case was result bleeding into the subdural space 
aneurysm that was also compressing the left third cranial nerve. The 
finding autopsy that subarachnoid bleeding was scanty supports this 
hypothesis. The fluctuating clinical state was suggestive subdural 
and the ipsilateral signs were shown due pressure 
the free edge the tentorium upon the right cerebral peduncle, fre- 
quently occurs with this lesion. There was evidence intracerebral 
terminal bleeding that death was due the subdural 
space-occupying lesion. 

Case 11.—Ruptured aneurysm rignt cerebral artery producing subdural 
and then intracerebral Unruptured aneurysm same vessel. Death 
from pulmonary embolism, 

(N.H. 35725), housewife, aged 59, was admitted the National Hospital, 
Queen Square, December 27, 1951, under the care Mr. Wylie McKissock. 

One month before admission she fell heavily her buttocks and immediately 
experienced sharp pain the back her neck followed occipital headache 
lasting about one week. Recovery was complete, but ten days before admission she 
suddenly lost consciousness and was admitted another hospital (December 17, 
1951). Here she was found comatose, the pulse was per minute, and the 
blood pressure 175/105 mm.Hg. The right pupil was dilated and fixed light and 
both plantar responses were extensor. The next day she responded verbal com- 
mands and was now apparent that she had right third nerve palsy and right 
hemiparesis. Improvement her level consciousness continued but bilateral 
was now present, the other signs being unchanged. However, 
December 25, 1951, she was again comatose and both pupils were dilated and fixed. 
Posterior parietal burr-holes were made and the right side subdural 
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was discovered and released. Her condition improved but examination facial 
weakness, grasp reflex and hyper-reflexia were found the left side. 

the National Hospital, Queen Square, frontal burr-holes revealed further 
clot the right side and this was removed. three post-operative days small 
amount old blood was aspirated from the right subdural space. Again she bene- 
fited from this procedure but profound weakness the right side was noticed. 
Power was beginning return these limbs when, two weeks after admission, she 
lapsed into unconsciousness for the third time. ventriculogram was carried out 
and very heavily blood-stained fluid with few fragments necrotic brain tissue 
came from the right lateral ventricle, whereas the fluid from the left side was only 
slightly bloody. X-rays showed air-filled cavity the right fronto-parietal region 
and there was shift the septum pellucidum the left side. 

was considered that she had intracerebral hematoma, and January 
14, 1952, craniotomy was performed and blood clot encountered the right 
frontal lobe depth cm. This was removed but her condition did not 
improve and she died suddenly eleven days later, thirty days after admission and 
two months after the appearance her first symptom. 

Autopsy (Dr. Blackwood).—The immediate cause death was pulmonary 
embolism and there was left ventricular 

thin brownish membrane was found the inner surface the right convexity 
dura. cm. from the origin the right middle cerebral artery, its point 
first branching, was aneurysm 0-7 cm. diameter. was only partly buried 
the substance the brain for reached the surface and projected through the 
leptomeninges into the subdural space. Near-by the brain were the remains 
the intracerebral hematoma extending the basal ganglia and communicating 
with the right ventricle. unruptured aneurysm, minute size, was 
seen the next point bifurcation the right middle cerebral left 
side the mid-brain had been considerably indented the free edge the 
tentorium cerebelli. 
Comment.—The illness this case appears have begun with the 
formation subdural post-mortem the aneurysm was 
found projecting into the subdural space that bleeding into 
could occur directly Cases and Subdural have 
been described originating from indirect trauma such this woman 
suffered (Meredith, 1951) and probable that our case the aneurysmal 
leak was precipated the fall. Unfortunately the subdural collection 
was not completely removed and cerebral compression persisted. The next 
event was bleeding into the brain and cerebral angiography had been 
carried out before this occurred, demonstration the aneurysm might 
have allowed definitive surgical treatment. However, view the hyper- 
tension, was felt that the episodes intracranial bleeding might have 
atherosclerotic basis, which case angiography would have run the 
risk producing further complications. 

This case suggests that angiography carried out case subdural 
well demonstrating the clot, may rare occasions reveal 
the cause. This additional argument favour using angiography 


390 EDWIN CLARKE AND JOHN WALTON 


aneurysm can then dealt with surgically, further episodes bleeding, 
which are frequently intracerebral, may prevented. 

Death was due pulmonary embolism but any case the prognosis 
was poor view the severity and multiplicity the lesions. 

The cases reported above are tabulated for ease reference Table 

INCIDENCE 

cases with insignificant collections are ignored, possible con- 
sider the incidence subdural complicating vascular anomalies 
from two main aspects. Firstly interest know what proportion 
cases ruptured aneurysm and angioma are complicated this way 
and secondly important consider how many cases subdural 
hzmatoma are produced. 

Six subdural per cent) were recognized (all post- 
mortem) series 312 cases subarachnoid hemorrhage admitted 
general hospital during ten-year period (Walton, 1952), while Richardson 
and Hyland (1941) mention such cases collection 118, incidence 
1°6 per cent. aneurysms alone are considered, the incidence similar, 
since Dandy (1945) discovered one example per cent) patients 
with ruptured aneurysms. these series, others, possible that 
other cases went unrecognized. The position with regard intracranial 
angiomas less clear, since few large series cases have been published. 
The association clearly uncommon; although Norlén encountered 
such case among patients with arteriovenous angiomas, Olivecrona 
and Riives (1948) not mention this complication their series 
and Mackenzie (1953) has found none after examining carefully cases. 

Considering now the subdural hematoma, Logue (1951) reported 
cases, and these were caused vascular anomaly. incidence 


per cent, however, seems unduly high and not confirmed other 
authors; Laudig al. (1941) found per cent out 143 cases), 
and the equivalent figure from Voris’ (1946) series per cent. Scott 


(1949), the other hand, when discussing cases the spontaneous, 
non-traumatic variety subdural occurring among 100 cases 
had example due vascular possible, however, that 
Logue’s (1951) figure the most accurate, for made more use cerebral 
angiography diagnosis. 

ANOMALY 


Including our cases, reported examples this complication 
intracranial aneurysm and angioma have been collected; this embraces 
cases all groups and several which have received very brief mention. 
patients harboured intracranial aneurysms and (Laudig al., 1941; 
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Voris, 1946, Case Norlén 1949, Case Case the lesion was 
angiomatous malformation. 

(1). the cases with intracranial aneurysms 
adequate information was available concerning the situation the lesion. 
The distribution the responsible aneurysms the present series 
cases given fig. and that the collected cases tabulated 


Table IV. 


Location ruptured aneurysms circle Willis and its branches cases. 
error the aneurysm Case has been placed the left side, and not, where 


should be, the right side. 


TABLE RUPTURED INTRACRANIAL ANEURYSM CASES 


Artery Cases 
Internal carotid artery termination, origin 
posterior communicating anterior cerebral arteries 32°5 
Middle cerebral artery, Sylvian fissure 30-0 
Anterior cerebral anterior communicating arteries 15-0 
Internal carotid artery (exact location unknown) 12°5 


Internal carotid artery (within subdural space)* 


*As will seen later this location open doubt. 


will seen that aneurysms are scattered situation, the proportion 
each site agreeing broadly with the figures obtained McDonald and 
Korb (1939) monumental review intracranial aneurysms. The only 
discrepancy the undue preponderance aneurysms the internal 
carotid artery the cases collected from the literature; this may due 
the fact that most series reported prior the routine use angiography 
contain unusually high incidence aneurysms this situation which 
are comparatively easy diagnose clinical grounds. 

Only one the aneurysms concerned was mycotic type, the 
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remainder being the “congenital,” less commonly, the “athero- 
sclerotic” variety; none them was all unusual shape size. 

Hence may concluded that the production subdural hema- 
toma following aneurysmal rupture does not depend upon the type, size, 


site origin the aneurysm. 

(2) Angiomatous malformation.—Details only the angio- 
matous malformations were available. These were all situated 
near the left temporal lobe, common site for this type anomaly. There 
was nothing unusual about their size structure. 


PRODUCTION THE SUBDURAL 

(1) Aneurysm.—There are two ways which blood from ruptured 
intracranial aneurysm can find its way into the subdural space produce 
subdural hematoma. 

(i) Bleeding directly into the subdural space: our cases (Cases 
and 11) illustrate this mode onset, and them, Case the 
best example. This woman’s illness began with the development 
hematoma and autopsy was found that the blood had come 
from ruptured aneurysm the left middle cerebral artery the Sylvian 
fissure. The aneurysm was seen projecting from the surface the 
brain, through the leptomeninges and rupturing into the subdural space. 
Meadows (1951) has suggested theoretical grounds that such case 
there might negligible amount subarachnoid this 
view has been confirmed the findings Case and those Case 
which aneurysm the left posterior inferior cerebellar artery had 
burst subdurally. Case too, (1895) first case, supra- 
clinoid aneurysm the internal carotid artery produced similar patho- 
logical picture. Finally, operation Case small, bluish tumour, 
which appeared penetrating the arachnoid, was discovered beneath 
the subdural this proved aneurysm the middle 
cerebral artery, which had ruptured into the subdural space produce 
local clot. 

usually suggested that subdural hemorrhage from ruptured 
aneurysm more likely occur second subsequent bleed, because 
adhesion formation around the sac, produced previous leakage 
blood and b). the above cases developed subdural 
hematoma with their first rupture and only Case had there been 
previous episodes. our cases the aneurysm had ruptured more 
than once, but only had there been bleeding before the hemorrhage 
that produced the subdural hematoma. From the literature, the corre- 
sponding figure out cases which the number 
could determined. Clearly, possible for this complication result 
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from previously symptomless aneurysm. But should remembered 
that occasionally slight leak, producing perhaps trivial symptoms, may 
create local hematoma which does not progress frank subarachnoid 
Organization may then involve the arachnoid and pia mater 
that the aneurysm longer lying free the subarachnoid space 
and the arachnoid now part its wall virtually projecting 
into the potential subdural space. The direction and force the stream 
blood escaping for the aneurysm are important factors and may vary 
from rupture rupture. Thus one occasion subarachnoid and perhaps 
subdural bleeding may occur and yet the next time bleeding directed 
into brain substance. Case illustrates this point for the first bleed 
produced subdural hematoma and the second intracerebral clot. 
the aneurysms, had accompanying cerebral invasion, but some this 
combination merely indicated the severity the ictus. Among cases 
with ruptured intracranial aneurysms Robertson (1949) reported severe 
intracerebral and less extensive cerebral destruction 
total per cent his series. Our equivalent figure also 
per cent, showing again that the intracranial aneurysm that forms 
subdural has few peculiarities its own. 


Another possible manner which hemorrhage may occur directly into 


the subdural space has been suggested Dott (1933). His fifth patient 
suffered typical subarachnoid and her vision was dan- 
ger, bilateral subtemporal decompressions were carried out. the left 
side unexpected, large subdural clot was encountered and considerable 
relief was obtained its removal. The author suggested that the lesion 
responsible was aneurysm. thought that the subdural collection 
could best explained postulating that the ruptured aneurysm was 
arising from the internal carotid artery the left side, the vessel passed 
through the subdural space its way the circle Willis. There are, 
however, several objections this hypothesis. 

(a) The subdural space potential one only and the components 
the meninges alongside the internal carotid artery are usually closely 
adherent one another. therefore unlikely that aneurysm could 
lie exclusively within its confines. 

(b) cases with subdural complicating the rupture 
intracranial aneurysm, not one was proved the location sug- 
gested Dott (1933). 

(c) The presence aneurysm Dott’s (1933) case was not verified 
angiography autopsy. 

(d) would very difficult prove that the aneurysm was situated 
within the subdural space, for autopsy local blood and damage produced 
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the rupture would obscure and distort the relations the sac and the 
arachnoid. 

King (1943) mentions case allegedly similar that Dott (1933), 
but gives details, and quotes Halpern having described another. 

There thus little evidence suggest that aneurysm ever situated 
wholly within the subdural there ample evidence show that 
after partial encroachment direct rupture into the space may occur. 

Bleeding into the subdural space via the subarachnoid space: When 
aneurysm suddenly ruptures, blood bursts from with considerable 
force, and the stream directed towards brain tissue extensive cerebral 
damage may quickly result. The arachnoid being delicate membrane 
can also destroyed this manner and blood reaching the subdural 
space can collect produce subdural alternative mech- 
anism was seen the fifth case Strauss (1932) which the middle 
cerebral artery the Sylvian fissure had bled into the subarachnoid space 
which became distended local collection blood. Local tension 
produced tear cm. long the arachnoid, allowing blood reach the 
subdural space; the direct force the was not the destructive 
(The primary lesion this case was ruptured atherosclerotic 


vessel, but the effect was the same would have been produced 
ruptured aneurysm.) similar arachnoid tear, opening the way the 


subdural space, was observed the cases reported Shore (1929, Case 
and Cookson (1933 Casel); only our cases was the absence such 
tear specifically noted. 

localized collection blood the subarachnoid and subdural space 
overlying single bleeding point can only mean that the blood the latter 
space must have arrived there way the subarachnoid 
This state affairs had occurred the case Strauss al. (1932) just 
referred to, and was also seen Ingvar’s third case well 
our Cases and which, however, the condition the arachnoid was 
not mentioned. 

The direction and force the jet blood escaping from the aneurysm 
are again importance and determine the tissue space involved, the 
degree destruction and the size the resulting 

These considerations are all concerned with aneurysms which are erupt- 
ing leaking for the first time, because once arachnoidal adhesions appear, 
the course events similar that discussed the previous section. 

the arachnoid torn and blood can pass out into the subdural space, 
presumably C.S.F. can likewise. only one our cases (Case did 
the subdural collection appear diluted. The traumatic subdural 
hematoma has been shown expand the imbibition C.S.F. (Gardner, 
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1932) and the type under consideration, which there open pathway 
for the C.S.F., would expected increase size even more. 


(2) malformation—The mechanisms described above 
apply equally cases with angiomatous malformations. the second 
case Voris (1946) the that produced the subdural 
was the first that the patient had suffered and this was prob- 
ably Norlén’s (1949) third case. Our Case the other hand, had 
two episodes bleeding before the third and last one which created the 
subdural clot and this, doubt, was facilitated 

The role trauma the production subdural 
complicating intracranial vascular anomaly need only mentioned. 
was closely associated with the onset symptoms our cases 
(Case and 11), even though indirect Case (fall the buttocks), 
the case Packard and Zabriskie (1925, Case 4). Also, trivial head 
injury seemed related the clinical picture Voris’ (1946) second 
case, where the anomaly was angioma. Probably, subarachnoid 
hemorrhage (Walton, 1952), trauma may provoke bleeding from 
anomaly which was about rupture spontaneously. 

Thus there definite evidence that least two mechanisms are 
responsible for subdural complicating intacranial vascular 
anomaly. 

(1) rupture aneurysm already projecting into the subdural 
space, with without the aid local arachnoidal adhesions resulting 
from previous leak. 

(2) rupture aneurysm angioma into the subarachnoid space 
and thence via the arachnoid (in which tear can sometimes demon- 
strated) the subdural space. Again this may assisted the presence 
local adhesions. 

has been possible only few cases detail these processes because 
the exact relationship the anomaly the leptomeninges has not been 
studied closely. The practical importance such knowledge is, however, 


limited value. 


After surveying our own cases and those the literature, apparent 
that the clinical picture produced subdural hematoma compli- 
cation ruptured aneurysm angioma has few, any, specific features. 
almost all the cases (the principal exception being Case 11) bleeding 
was not confined the subdural space the onset and some subarachnoid 


intracerebral hemorrhage occurred. Occasionally the fluctuating 
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course frequently characteristic subdural was observed, 


but was never prominent, and certainly did not raise the possibility 
such complication the minds observers. The fact that our 
cases (Cases and 8), and from the literature (Symonds, 1923, Case 
Packard and Zabriskie, 1925, Case Sosman and Vogt, 1926, Case 
Dandy, 1945, Case 39; Voris, 1946, Case Norlén, 1949, Case the sub- 
dural hematoma was discovered unexpectedly operations designed for 
relief intracranial hypertension direct attack upon the vascular 
anomaly, indicates that this complication way distinctive and 


frequently escapes consideration. Being combined with other vascular 


lesions, particularly intracerebral (in our cases), the 
clinical picture often complex and usually impossible clinical 
grounds alone recognize the presence subdural 
produced. Thus important aware this complication that 
the appropriate investigations can employed. 

approaching this problem from the point view the clinical 
features subdural hematoma, Logue (1951) has pointed out that the 
onset more acute than the traumatic type subdural collection and 
this expected when there arterial bleeding rather than venous 
ooze. Our Case 10, however, experienced gradual onset headaches 
manifestation blood the subarachnoid and subdural spaces 
from ruptured aneurysm. Once the bleed has occurred, the symptoms 
and signs tend progressive and there usually latent period such 
occurs between the injury and the onset clinical features the 
traumatic variety; Case 11, however, was exception this rule. 


arachnoid hemorrhage and Logue (1951) has claimed that after trauma 
ruptured cerebral aneurysm the next most common lesion produce 
subdural hzematoma, diagnosis made before operation autopsy very 
rare. None our cases was considered harbouring subdural collec- 
tion, and, noted already, authors found such lesion incidentally 
operation. 

Again the problem must examined from two points view. First 
all subdural must always thought patient who 
has suffered subarachnoid hemorrhage and whom there evidence 
space-occupying lesion. intracerebral has been shown 
Robertson (1949) frequent accompaniment aneurysmai 
rupture and the commoner complication usually diagnosed 
increased intracranial pressure encountered. Secondly, 
remembered that leaking intracranial aneurysm angioma can produce 
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subdural occasionally with little evidence subarach- 
noid bleeding. trauma times may closely related the onset 
symptoms these cases, the similarity the more usual type 
subdural hematoma even greater. 

(1938) has suggested method whereby 
hemorrhage can differentiated from subdural hematoma with bloody 
C.S.F. removed lumbar puncture from case the former, 
the fall pressure slow, but the latter more rapid. These con- 
are invalidated, however, intracerebral subdural clot 
accompanies the subarachnoid bleeding and practice the method has 
not proved infallible. 

The solution the problem the more general use cerebral angio- 


graphy. and only since this has been achieved that 
diagnosis subdural complicating aneurysm angioma 
has been possible. Thus the second case Logue (1951) the only such 
example detailed the literature': the arteriogram revealed both the 


aneurysm and the 

Angiography being employed now the acute phases subarach- 
noid hemorrhage, and Falconer (1951) particular has shown that has 
detrimental effect. The vascular anomaly may thus outlined and 
the same film the subdural will stand revealed. possible 
that the angiograms Norlén’s third case, reproduced his article, 
the subdural lesion also visible. Dandy’s (1945, Case 39) case also had 
angiogram pre-operatively, but only the aneurysm receives comment. 
Angiography also being used more commonly the diagnosis sub- 
dural hematoma and Wickbom (1949) and Stein (1952) have recently 
written upon this subject. 

TREATMENT 

Owing the fact that the diagnosis subdural resulting 
from ruptured aneurysm angioma has been usually delayed and 
frequently accidental, the results treatment have not been outstanding. 
The gloomy picture also partly due the fact that 
hematoma occasionally occurs cases where the aneurysmal rupture 
would have been fatal even without subdural encroachment. 

Cases Group III are alone suitable for treatment, but our only 
were operated upon and only (Case 11) was there any success, which 
was unfortunately short-lived. This case, nevertheless, emphasizes the 
important point that early diagnosis will allow early treatment which may 
directed both the subdural and the lesion that produced 
it, that further bleeding may prevented. After the subdural clot 
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this case had been evacuated, the aneurysm bled again, this time intra- 
cerebrally, with disastrous results. 

previous reports case recognized have subdural 
survived without operation and can find details only treated cases 
which Dott (1933, Case considered that had successfully 
treated both the subdural clot and the responsible aneurysm, but the 
presence aneurysm was not proven, the case cannot strictly 
included here. Dandy (1945, Case 39) presumably evacuated the subdural 
during his approach the aneurysm. The responsible lesion 
the cases Voris (1946, Case and Norlén (1949) was angioma, 
but the former was not tackled because its size and location. 
the latter was excised but the clinical end-result was poor, there 
had also been intracerebral bleeding and considerable local brain destruc- 
tion. The subdural each case was removed. The patient 
described Logue (1951, Case derived some improvement from the 
removal the subdural hematoma, but further treatment was not 
deemed advisable. 

All our cases died. Those Group rapidly succumbed the 
intracranial catastrophe but the cases belonging Group III the 
survival was longer, eighteen weeks (Case being the longest. the 
literature only the cases described when discussing treatment survived, 
but these only (Dandy, 1945, Case 39) made satisfactory recovery. 


CoNCLUSIONS 

Subdural complicating aneurysmal angiomatous rupture 
grave import. Even though results far achieved surgically are 
poor they cannot worse than those conservative treatment and are 
likely improve with the aid the accurate information provided 
angiography. Once the diagnosis has been made the subdural 
and its causal lesion should attacked surgically, the measures adopted 
depending upon the nature and position the anomaly. 


SUMMARY 


(1) subdural hematoma uncommon complication ruptured 
intracranial aneurysm angiomatous malformation, occurring between 
and per cent cases subarachnoid hemorrhage. 


(2) There are three types: 
Group Subdural blood present after massive and rapidly fatal 
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Group II: Insignificant subdural collection commonly found after 
severe subarachnoid hemorrhage. 

Group hematoma behaving like the traumatic variety. 

illustrative cases are presented, and examples from the literature 
are reviewed. 

(3) Bleeding into the subdural space may due direct encroachment 
upon the aneurysm, tearing the arachnoid the force 
the hemorrhage. each case this facilitated previous bleeding and 
local arachnoidal adhesions, but these are means essential. 

(4) Diagnosis difficult clinical and C.S.F. alone, for 
accompanying vascular lesions mask the picture. Thus cerebral angio- 
graphy should used suspected that case subarachnoid 

(5) ruptured intracranial aneurysm should considered 


(6) Without surgery the prognosis grave. Results operation upon 
such cases have been very poor but may improved awareness this 
complication and early diagnosis with cerebral angiography. 


wish express our thanks those members the Medical Staffs the 
National Hospital, Queen Square, and the Royal Victoria Infirmary, Newcastle, who 
have allowed report cases under their care and use the clinical and patho- 
logical records relating them. 


ADDENDUM 
Since completing this paper, Bassett and Lemmen (1952) have reported cases 
subdural associated with bleeding intracranial aneurysms. them 
there had been head injury and the authors define groups according whether 
the clinical features are those subdural hematoma leaking aneurysm. The 
aneurysm could demonstrated angiographically all the cases and one the 
subdural clot was also revealed this procedure. Each survived treatment 
both lesions. addition, Woodhall, Odom, Bloor and Golden (1952, Case have 
described case congenital cerebral aneurysm where death, was due “an un- 
recognized left subdural and thin subdural clot was found Case 
Hamby (1952). Golden, Odom and (1953) report that per cent) 
their 334 cases proved subarachnoid hemorrhage non-traumatic origin were 
found have subdural each the the bleeding originated from 
arterial aneurysm. 
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STIMULATION THE MEDIAL SURFACE THE HUMAN 
CEREBRAL HEMISPHERE AFTER HEMISPHERECTOMY 


BY 


BATES 
(From the Neurological Research Unit, Medical Research Council, The National 
Hospital, Queen Square, London.) 


INTRODUCTION 


the lateral surface the hemisphere exposed, the medial surface 
not accessible stimulation unless some small veins running upwards 
into the longitudinal sinus the midline are divided and the brain 
retracted from the falx cerebri. has been thought that this procedure 
may carry risk permanent damage, and consequently observations 
the responses electrical ‘stimulation the medial surface man 
have been very limited, though inferences the excitable properties 
this region from other data have been plentiful. Recently, however, 
with more extensive experience, area, named Penfield the 
supplementary motor area, has been delimited the medial surface 
the forward part the region known the lobule.” 
Stimulation this region may result motor responses which are quite 
distinct from those obtained from the precentral gyrus. general, the 
responses are complex, that say they involve more than one limb, 
and particular they may involve the upper limbs. Sensory responses 
and arrest activity have also been noted. This responsive area has 
been recognized animals since the earliest days cortical stimula- 
tion, but little interest has been shown until recently, and many 
have been unaware its existence, partly perhaps because its dis- 
organization disease does not appear give any very consistent 
disturbances the motor system. 

The observations reported here have been made during the operation 
hemispherectomy performed Mr. Wylie McKissock cases 
infantile hemiplegia, and obvious that without his close co-operation 
these results could not have been obtained. They were completed the 
summer 1951 before Penfield’s work was known. They are therefore 
quite independent, but they have the disadvantage being obtained 
under and when the patient had already undergone severe 
surgical experience, and thus they give more than 
picture the excitable properties this region. They have, however, 
the advantage that any movements obtained the same side the 
stimulus cannot due participation the contralateral hemisphere, 
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for that hemisphere has been removed before the stimulation 
formed. The responses seen have been repeatable, and they represent 
fairly consistent pattern from case case. 
characterized widespread involvement the limb musculature, and 
seems possible that more movement the ipsilateral (hemiplegic) 
side has been seen than has hitherto been reported. 


The procedure described was undertaken ten patients, 
one whom responses from the medial surface were obtained. These 
patients form consecutive run larger series whom the operation 
hemispherectomy has been performed. The patients who gave 
responses vary age from months years, and them were 
female. They all suffered from the condition known infantile hemi- 
plegia, that say they had damage one cerebral hemisphere, 
producing varying degrees hemiplegia, visual defects, mental deficiency, 
and epilepsy. There reason believe that cases this condition was 
present before birth acquired during birth, and cases was acquired 
during the second year life. 

The operation was performed under anesthesia with pethedine, 
nitrous oxide and oxygen. The gas was administered amounts which 


barely suppress consciousness through endotracheal tube, using 


semi-closed technique. The patient had been anesthetized for about 
three hours before stimulation the medial surface the hemisphere 
began, and these observations owe much Dr. Aserman’s skill with 
this anesthetic technique. The patient was lying supine the table 
with the head fully rotated that the diseased side was uppermost. 
large osteoplastic flap was turned and the hemisphere was removed 
two parts, first the frontal lobe, and then the remainder. The brain 
tissue removed included the globus pallidus and putamen; the tissue 
remaining included the caudate nucleus and thalamus and small part 
the hemisphere the medial surface inferiorly—the hippocampal 
gyrus and the fusiform gyrus. Following the removal. window was 
cut the falx cerebri, approximately cm. long and cm. wide 
expose the medial surface the sound hemisphere and prevent locula- 
tion fluid collecting the cavity. For stimulation, bipolar electrodes 
were used, consisting two s.w.g. platinum wires fused mm. 
diameter balls their the wires were separated mm. The 
was square pulse d.c. msec. duration with repetition 
frequency 50/sec. The output voltage was held constant resistance 
changes the low output impedance the stimulus generator. 
Thus variations the amount conducting fluid bridging the gap 
the electrodes not affect the current flow through the brain substance. 
The routine procedure was explore the exposed area setting 
with the stimulator applied for sec.; responses were obtained 
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the voltage was reduced and they were present repetition 
this setting, the place was marked with number letter. 
responses were obtained after about points had been explored 
the stimulus was increased 10, and and similar procedure 
adopted each setting. 15-20 some thermo-coagulation the pial 
surface may become visible and this was seen stimulation was not 
out this strength. The operating drapes were arranged 
that full, well-lit view all the patient outside the sterile field was 
obtained. Observations were made least two observers, and 
descriptions the movements were dictated stenographer the 
operating theatre. When all the excitable points had been identified 
they were re-stimulated while mm. cinematograph record was 
taken the movements. Finally still photograph was taken the 
exposed medial surface with tickets marking the excitable points 
position. This procedure was designed extract the maximum reliable 
information about the excitable properties the region, min. 
so. ill effects from were noted. 


RESULTS 

these subjects and under these conditions the chief characteristic 
the motor responses from the medial surface the hemisphere the 
readiness with which more than one limb stirred movement 
stimulating single cortical point. Such responses are called for con- 
venience complex responses. this respect the responses are marked 
contrast the localized movements the contralateral musculature 
which are obtained from the lateral surface using the same equipment 
and technique. illustrate these complex movements and introduce 
the reader the code adopted describe them, the following photo- 
graphs have been prepared from the cine films. more detailed analysis 
the data given afterwards. The detailed protocols are given the 
appendix, together with notes their interpretation. These protocols 
contain every observation movements made during these operations. 
apology needed for presenting these full, since anyone acquainted 
with the subject cortical stimulation well aware the confusion 
that has been introduced unsupported general statements, and 
particular statements exceptional results being quoted they 
were the rule. 

Fig. shows movement involving first the contralateral leg and then 
the ipsilateral leg. The right hemisphere has been removed; the left 
hemisphere being stimulated and consequently the left side the 
subject the ipsilateral, hemiplegic side. The photographs were taken 
from the film Case point 6*. The full description the movement 
obtained from this point seen the film follows: the movement 
commenced with inversion the contralateral (right) intertarsal joints; 
following this there was flexion all the toes. There was then some 


eversion the intertarsal joints and when this was complete the 
ipsilateral (left) hip began flex; flexion the contralateral hip began 
well, but the ipsilateral side there followed extension (dorsiflexion) 
the big toe. After this the ipsilateral side eversion the inter- 
tarsal joint was seen, followed some extension the knee. The 
description this movement the code adopted appears follows 
(see appendix for abbreviations): 


Rt. T(1-5). H.F. 1-1 
(1st photo) (2nd photo) Lt. K.E 


The first photo shows the position the legs the instant the stimulus 
was applied; the left cortex being stimulated, and the left leg conse- 
quently the ipsilateral (hemiplegic) leg. The second photograph was 
taken sec. later, and shows the response developed the point 
which inversion the contralateral (right) foot has taken place with 
flexion all the toes; movement has yet occurred the left leg. 
The third photo taken sec. later, 10-2 sec. after the start the 
stimulus, and 2-4 sec. after the ipsilateral leg had begun move. There 
now flexion the hip and toes the contralateral (right) side and 
flexion the hip and extension the great toe only the ipsilateral 
(left) side. withdrawal the stimulus 2-4 sec. later the limbs returned 
their resting position. This illustrates point discussed later 
that one can produce from single point the medial surface the 
sound hemisphere normal type withdrawal movement the sound 
leg, and abnormal type with up-going toe the hemiplegic leg. 

Fig. shows movement involving first the ipsilateral leg and then 
the contralateral leg; taken from the same case fig. and from 
stimulating point 2*. The left hemisphere being stimulated. The full 
description the movement observed the film follows: the 
movement commenced with flexion the ipsilateral (left) hip; this was 
followed flexion the knee and plantar flexion the ankle. the 
contralateral (right) side, abduction the hip was observed occur 
the same time flexion the left knee; the movement abduction 
was followed medial rotation the hip joint and this its turn 
flexion the hip joint. The coded description this movement 
follows: 


Lt. 
A 
(2nd photo) 


The first photograph shows the position the instant the stimulus was 
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(hemiplegic) 


Fic. leg movement commencing 
flexion the ipsilateral hip with sub- 
sequent involvement the contralateral 
hip—same case fig. (see text). 


Fic. bilateral leg movement 
resulting from stimulation the medial 
surface the hemisphere. Note dorsi- 
flexion the Gt. toe the hemiplegic 
side which ipsilateral the stimulus. 
The illustrations Figs. 1-6 are prints 
taken from mm. cinematograph films. 
The time interval between the pictures 
given the text together with full 
description the movement. 


Ipsilateral 
(hemiplegic) 


Fic. 3.—A bilateral leg movement 
another case showing dorsiflexion the 
Gt. toe the hemiplegic side, and other 
similarities the response shown fig. 
(see text). 


Ipsilateral 
(hemi pl sgio) 


Ipsileteral 
(hemipl sgic) 


4.—Response from stimulation 
the medial surface the right hemi- 
sphere. Movement confined the 
ipsilateral arm and leg (see text). 
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applied. seen that sec. after the stimulus had been applied 
(photo there had been slight flexion the left (ipsilateral) knee, 
indicated the photograph the shortening the distance between 
the knee cap and the shadow the upper end the thigh, and the 
changed relations between the tip the great toe and upper surface 
the foot consequent the slight raising the knee. The third photo- 
graph shows the fully developed response the end the stimulus, and 
was taken 3-4 sec. after the second (6-2 sec. after the start the stimulus). 
seen that the flexion movement the ipsilateral hip has continued, 
and the right side there has been some abduction and medial rotation 
and flexion the hip. 

Fig. shows movement involving first the contralateral leg and then 
the ipsilateral leg; inserted because although similar fig. 
showing the production extensor movement the great toe the 
ipsilateral side, taken from another case. taken from Case 
point 3*, and again the left hemisphere being stimulated. The full 
description the movement observed from this point follows: 
the movement commenced with inversion the intertarsal joints the 
contralateral (right) side; this was followed plantar flexion the 
ankle. the same instant extension the great toe was noticed 
occur the ipsilateral side, and together with this fanning the 
remaining toes. the right side the following sequence movements 
was seen: plantar flexion the ankle was followed dorsiflexion the 
ankle, flexion the knee and hip; flexion the great toe was then 
observed, and there were clonic movements about the hip joint. 
the ipsilateral side after the toes had assumed the typical extensor 
response posture, there was medial rotation the hip joint and some 
clonic movements occurred this joint before the stimulus was with- 
drawn. The coded description this movement follows: 


A A A 
| 
(2nd photo) 


The first picture shows the resting position the legs the start the 
stimulus. The second picture, taken 1-8 sec. later, shows that there has 
been inversion the right foot and plantar flexion the ankle the 
right side; the left foot has not far moved. The third photograph, 
taken 3-6 sec. later, sec. after the start the stimulus, shows the 
developing bilateral movement, which has included the right side 
further flexion the hip and flexion the great toe. the left 
(hemiplegic) side typical plantar response with dorsi- 
flexion the great toe and fanning the remaining toes (not shown 
the photograph) together with some medial rotation the hip 


has developed. There is, already mentioned, 
between this response and that shown fig. from another patient. 

Fig. shows movement involving the ipsilateral (hemiplegic) arm 
and the ipsilateral leg. taken from Case point 10*2 (see appendix). 
The right hemisphere being stimulated. this case the arms were 
put into such position that extension the elbow could seen, and 
the second photograph, taken 2-4 sec. after the stimulus was applied, 
extension the elbow and some lateral rotation the shoulder has 
occurred the right (hemiplegic) side. The extreme flexion the 
wrist was the natural posture the hemiplegic hand this case. The 
third photograph, taken 2-1 sec. later, sec. after the start the 
stimulus, shows adduction and flexion the hip the right side which 
has now occurred; there has been movement the left 
side, and the posture developed the ipsilateral side was unchanged 
during the ensuing sec. for which the stimulus was applied. 

Fig. shows close-up movements produced the contralateral 
upper limb from point which was the same time producing bilateral 
movements the legs. taken from Case point 1*1 (see appendix). 
Photograph shows the resting position the limb which was supported 
observer’s hand, seen the picture, order that finger move- 
ments should clearly seen. The second picture, taken sec. after 
the start the stimulus, shows that adduction the wrist has occurred, 
together with some opposition the thumb which now hidden from 
view; flexion the fingers beginning. The third picture, taken 3-7 sec. 
later, i.e. sec. after the start the stimulus, shows full flexion 
the fingers, particularly third, fourth and fifth, together with supination 
and the beginning flexion the elbow. Full flexion the index 
finger impeded the thumb beneath it. The fourth picture, taken 
1-4 sec. later, ie. sec. after the start the stimulus, shows the fully 
developed movement the limb with pronounced flexion the fingers, 
together with flexion the elbow. far this upper limb was con- 
cerned, there was doubt that the movement the lowest threshold 
(primary movement) was opposition the thumb, which was seen 
three occasions. 

Fig. shows the movement all four limbs which was produced 
from one point one case three consecutive occasions. taken 
from Case point B*2 (see appendix). The right hemisphere being 
stimulated. commences with flexion the right (ipsilateral) elbow, 
together with some supination the radio-ulnar and simultaneous 
with this flexion the left hip; the state affairs this point 
shown the second photograph, which was taken sec. after the start 
stimulation. The fully developed movement shown the last 
photograph, taken sec. later, sec. after the start the 
stimulus, and shows that flexion the elbow has continued further the 
right side, there has been movement the left hand consequent 
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Fic. 5.—A complex movement which involved both legs, 
well the contralateral upper limb, shown close-up. 
Opposition the thumb was the primary movement 
this limb (see text). 


Fic. 6.—A complex response in- 
volving order the ipsilateral arm, 
contralateral leg, contralateral arm, 
and ipsilateral leg (see text). 


graph the medial surface the 
left hemisphere taken the opera- 
the skull taken 
enables the excitable points 
related the Rolandic fissure 
determined surface markings (see 
text). 
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extension the left elbow. Because this movement the left hand 
appears have been drawn passively across the abdomen. There 
also some flexion the right knee. 


REPEATABILITY RESPONSES STIMULATION 


this series patients there were all separate points from 
which movements were obtained stimulation; all but these 
points were stimulated more than once, and them were stimulated 
times more. occasions which points were stimulated more 
than once, the movement was virtually identical occasions. The 
differences the response the remaining occasions fall into two types; 
either the movement involved more limbs repetition the stimulus, 
due the fact that the stimulus was applied for longer time, the 
movement was similar far involved the same limb limbs, 
but there were differences the sequence which the different muscle 
groups came in. Usually these differences were small, and had not 
been for the analysis cinematograph films would probably have passed 
unobserved. Six points restimulation gave responses which began 
different limb, and the start the two limbs was very close (within 
sec.)—the difference was which the two limbs movement first 
started. The detailed protocols show particular that the repeatability 
the more complex movements was satisfactory; for example, case 
point produced very similar movement all four limbs three 
consecutive occasions; the movement commenced with flexion the 
right (ipsilateral) elbow, and practically simultaneously flexion the 
left hip; close analysis the cine film revealed that one the three 
occasions the left hip moved before the right elbow about sec.; 
the other two occasions lagged behind similar amount. Like- 
wise Case three occasions the cine film the contralateral arm 
movement obtained from point and the movement the legs from 
point revealed only slight differences which would have escaped the 
unaided observer. 


There therefore reason think that these complex responses 
are chance artefacts as, for example, might arise through spontaneous 
movements which sometimes occur lightly anzsthetized patients. 
The movement posture produced ceases withdrawal the stimulus, 
and bears resemblance the excitation abnormally irritable 
epileptic focus. special precautions were taken achieve this 
repeatability. One was anxious obtain the most information the 
limited time available, and the repeat stimulations followed immediately 
the preceding response. Woolsey al. (1952) have observed the 
anesthetized Macaque that point the medial surface can 
stimulated repeatedly rapid succession with minimal evidence 
extinction. The present results are consistent with this observation. 


| 
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LATENCY RESPONSE AND 

Various measurements the timing these responses have been 
made from the cine films, and are indicated with the protocols the 
appendix. Figures the first column (L) represent the primary latency, 
and secondary latencies when more than one limb moved. usual 
the primary latencies vary between one point and another, and this 
series they are distributed evenly (i.e. are equally frequent) the sec. 
intervals between and 3-5 sec. and have mean value 
three occasions the latency was longer than 3-5 sec. contrast 
the variability latency one point may much less than the 
rariability between different points the same patient—in other words 
repeatable latency may one criterion repeatability. This 
illustrated Case where point gave primary latencies 
and 2-4 and point gave latencies 0-1 and 0-1 sec. repetition 
the same strength stimulus. already noted, the stimulus was 
usually held longer when cine films were taken. Analysis reveals that 
out occasions (70 per cent), the duration stimulation was 
between and sec., and occasions was between and sec. 
These long stimulations seemed necessary order bring out the full 
potentialities the excitable point, but inevitably happened that 
some occasions clonic movements were produced. These were fact 
seen out 102 stimulations. The stimulus was withdrawn when 
clonic movements occurred, and only three occasions did they con- 
tinue after the stimulus was withdrawn. each case the movement was 
local and occasion was generalized epileptic seizure 
produced. 

MOVEMENTS 

The primary movement the movement which occurs first, and since 
the movements produced cortical stimulation are often rapid and 
cine films have been found essential for ascertaining the 
primary movement from many the points. The primary movement 
will first considered with respect which limb moves irrespective 
the exact nature the movement within the limb. Table has been 
constructed show this. Four the points give inconsistent responses 
this respect repeat stimulation and are therefore discarded. 

the remaining points, seen that the most frequent primary 
movement one the contralateral leg (25 points); next frequency 
come movements beginning the ipsilateral leg (10 points) and the 
contralateral arm points). only one occasion did point reveal 
movement commencing the ipsilateral arm. 

the lower part the Table the primary movements observed 
each the limbs are shown. Occasionally differences the primary 
movement within the limb have been noted repeat stimulation the 
same point; this necessitated judgment determine the primary 
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TABLE I.—PRIMARY MOVEMENT 


arm leg leg 


Points stimulated once only 
stimulated more 


Totals 


Primary movements 


Shoulder, medial rotation 
Elbow flexion 

extension 
Wrist extension 

abduction 
Met-Phal (1-5) extension 
flexion 


Primary movements leg 
Hip* extension 
flexion 
medial rotation 
lateral rotation 
Intertarsal inversion 
Ankle plantar flexion 
dorsal flexion 
Toes (1-5) flexion (plantar 
flexion) 


” 
” 


” 


Totals 


reasons discussed the Appendix, para. movements the knee-joint 
were excluded the grounds that they were likely passive reflection hip move- 
ment. 

Table show the frequency with which movements commenced 
different limbs when separate points cases were stimulated; 
below shown the frequency the different primary movements 
observed each limb. 


movement for the purpose this Table, and preference was given 
the primary movement observed most frequently, and occurring the film 
record. seen that primary movements appear distributed evenly 
throughout the joints the limbs. the legs there predominance 
flexor over extensor movements; this predominance becomes more 
marked when the succeeding movements are taken into account, and 
this point will taken later. also seen that primary movements 
the ipsilateral (hemiplegic) ankle have not been observed, although 
they are not infrequent the contralateral side, but the numbers are 
large enough give any real significance this. 


1 
1 — 
— 
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SPREAD MOVEMENTS FROM LIMB 


After movement one limb has been evoked the 
movement another limb may ensue. The data are arranged 
illustrate the frequency this observation Table II. This Table has 
been constructed follows: individual point repeat stimulation 
gives identical sequence movement, then one entry the total points 
column made; individual point gives, repeat stimulation, 
different sequence, additional limbs are moved, then entered 
twice, possibly three times appropriate places this column. 
this way the total entries this column come number greater than 
the total number separate points (which was 49) and less than the 
total number individual stimulations (which was 102). 


Total 
Total occasions 
Sequence points seen numbers 
Contralateral arm (Co. Nos. 4,8 
Ipsilateral leg (Ip. 2,6, 
Ip. 
Ip. 
Ip. 
Ip. 
Co. 


Three Ip. L>Ip. 
Co. 
Co. 


Table show the types spread movement from limb 
limb and the frequency with which these types were observed. The 
method assigning entries the first column this Table 
the text. The symbol implies 


The reason for adopting this plan that the responses from the 
same point repeat stimulations may that the movement may 
more extensive since the stimulus was applied for longer. point 
has been entered twice the total points column from which the 
response was any true sense inconsistent. 

Entries the occasions column correspond the total 
number individual stimulations, and seen that four types 


complex movements were observed once only, and five types were 
observed more than once. The case numbers enable the protocols the 
appendix found. Table shows that the most common movement 
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No. 
limbs 
One 
Two 
6,7,9 
6 
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was one confined the contralateral leg (23 points). But further 
these points reveals the following facts which not appear 
the table: four them the stimulation was not repeated; eight 
the stimulation was repeated, and the movement was still confined the 
contralateral but eleven points the stimulation was repeated and 
additional movement the ipsilateral leg was produced prolonging 
the stimulus. Similarly, nine points gave initially movement confined 
the ipsilateral leg, but eight them gave repetition additional 
movement the contralateral leg, and two these gave arm move- 
ments well. Thus the experience these cases would appear 
that point the medial surface more likely give movement 
both legs than one leg—provided sub-convulsive stimulus applied 
for long enough. Analysis the films shows that the mean latency the 
second limb was 3-0 sec. from the start the stimulus, and per cent 
the values fall the range sec. 

The table shows that the most common sequence was movement 
originating the contralateral leg, spreading involve the ipsilateral 
leg; this was seen points out separate cases. Next 
frequency the converse this, which occurred cases. The other 
types spread were each seen from one point only, but they were seen 
different cases, and all cases except one, marked with asterisk, 
were obtainable repeat stimulation. Movements one other upper 
limb were seen from total points. was isolated the 
contralateral arm and these were one case (Case 8). This case 
differed from the others that complex responses were obtained from 
the medial surface. One point (Case gave movements both upper 
limbs but the remainder movement the upper limb was associated 
with movements the legs. 

The occasions when movements three four limbs were noted 
gave the impression that the stimulus was resulting either the per- 
formance some movement habit, particularly when some 
reciprocating component was present, the assumption posture. 
not possible choose between these alternative ways looking 
the response, but has occurred spontaneously several people who 
have seen the cine films the responses from point Case (fig. that 
they may crude representation the pattern movements 


representation this region forecast years ago Ferrier. 


climbing 
PREDOMINANCE FLEXOR OVER EXTENSOR MOVEMENTS 
The data Table are rearranged show the actual joint move- 
ments observed and their respective total frequencies. The entries this 
table are approximately three times the number individual stimula- 
tions. This implies that each stimulation the average three 
separate movements were observed, but there was considerable variation 


the protocols show. seen that with few exceptions all possible 
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TABLE III 
Arm Leg 

abduction 
medial rotation adduction 
Elbow flexion lateralrotation.. 


” 


SIT 


extension clonus 


~ 


Radio ulnar pronation 

Wrist flexion Ankle dorsiflexion 
adduction Intertarsal inversion 


rou | 


~ 


Carpo-metacarpal 


extension extension Table 


” 


Metacarpo-phalangeal Anus retraction 


” 


extension 
abduction 
adduction 


” 


Table show the total frequency with which different joint 
movements were observed. The method assigning entries the columns 
this Table described the text. 


joint movements the limbs have been observed. There complete 
absence facial movements, and this almost certainly due the 
fact that they were not looked for. Movement the anus was seen 
the only occasion was looked for (Case 1). There seen pro- 
nounced tendency far the leg movements are concerned for move- 
ments type which approximates the limb position 
general embryonic flexion; that say, flexion and abduction the 
hip, flexion the knee, dorsiflexion the ankle and inversion the 
foot. The number occasions which these movements were observed 
the two sides may added together and compared with the number 
times the anatomically converse movements were 
found that 115 separate flexion movements were observed against 
extension movements. This predominance may related the 
extended posture the patients rather than the true excitable 
properties the region. the other hand, will later discussed, 
may represent particular characteristic movements evoked from 
the cortex. The same effect noticeable movements involving the 


upper limb. 
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INVOLVING THE 

considering the predominance flexor movements, movements 
the toes were omitted. This because there exist legitimate grounds 
for dispute whether dorsiflexion the produced the 
extensor muscles, should considered movement flexion 
extension. adopt the conventions the anatomists, and consider 
dorsiflexion equivalent extension, then Table the 
frequency with which these movements have been observed the toes. 

Table shows firstly, that occasions movements were observed 
involve all the toes similarly, but occasions movements were 
observed involve the toes differentially; the most common observation 
this category was movement involving the great toe only, but 
movement may involve all the toes together except the great toe. There 
thus ample evidence that movement the great toe can divorced 
from movement the remaining toes, the result cortical stimulation. 


TABLE 
MOVEMENTS 

only only only 
Ipsilateral 
Contralateral 
Dorsiflexion) 
\bduction Contralateral 
Ipsilateral 


Totals 


Table show the frequeney with which movement separate 
toes was observed. Movement the great toe commonly dissociated 
from movements other and vice versa. The method assigning 
entries this Table the same that used Table (first column). 


second feature which Table reveals that whereas extension 
(dorsiflexion) the great toe was reported the ipsi- 
lateral (hemiplegic) side, extension this toe was never produced the 
contralateral side. This accord with the classical neurological signs 
from stimulation the sole the foot. contrast this, 
however, isolated flexion the ipsilateral toe was seen, 
but flexion the contralateral great toe was more frequent, and was 
seen The differential movement the toes illustrated 
figs. and and its significance will discussed later. 


ANATOMICAL LOCALIZATION 
attempting describe where the medial surface these excitable 
points lie, there are two difficulties overcome. The first arises from the 


BRAIN—VOL. LXXVI 


fact that approaching the medial surface through the falx one cannot 
relate the points the fissure can done the lateral 
surface. The gyrus not accessible stimulation, and 
although illustrations frequently show the Rolandic fissure cutting into 
the crest the hemisphere where the lateral and medial surfaces join, 
this feature means sufficiently constant any use guide. 
was not considered legitimate extend upwards the window the 
falx enable the stimulator reach the lateral surface, extension 
would have interfered with the venous drainage the one remaining 
sound hemisphere. The second difficulty that even if, fact, primary 
motor area for the leg and foot exists commonly depicted the medial 
surface—and, will pointed out the discussion, there are reason- 
able grounds for doubt this point—the variability from patient 
patient considerable, and known particularly marked the 
upper region. Thus happens that original hopes being 
able identify anatomical landmarks stimulation these cases have 
not been realized. 

the there are only two types information that 
used. First from photograph taken the time operation one 
can obtain accurate measurements the relationship the excitable 
points each other. Second, from lateral radiographs taken after the 
operation, one can identify the window the falx means the 
tantalum clips used secure hemostasis. The photograph the medial 
surface the brain can then superimposed the X-ray and since the 
photograph will show the same clips are seen the X-ray, the super- 
imposition can accurate. This stage illustrated 414 fig. (Case 
5). One can now identify the most probable location the commencement 
the fissure Rolando marking the glabella and inion the lateral 
radiograph, measuring the distance between them round the 
ference the skull and taking point per cent this distance 
measured back from the glabella. This believed more accurate 
than the more usual method taking behind the midpoint, since 
some our patients had skulls smaller than those within the normal 
adult range. Having obtained this point, the presumed line the con- 
vexity the hemisphere can drawn parallel to, and below, the 


inner table the skull. Using this procedure diagram has been pre- 


pared for each the cases scale life-size, showing the excitable 
points accurately placed measurement their relationship each 
other, and placed their presumed relationship the crest the 
hemisphere and the fissure Rolando. attempt has been made 
represent any the named sulci gyri this area they are in- 
sufficiently constant define limited inspection and one often needs 
dissect out venous channel ascertain whether marks sulcus 
not. not easy express the probable errors inherent the diagrams. 
The error locating the crest the hemisphere the order 
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the vertical sense, and the error positioning the fissure may 
the order the antero-posterior sense, and addition there 
may some constant error present. 

four the nine cases the right side was stimulated, and the 
diagrams from these four cases (Nos. are reversed, the nine 
diagrams can superimposed produce composite illustration the 
results. The points are insufficient make any detailed analysis the 
localization, but fig. contours have been drawn enclose per cent 


ROLANDIC FISSURE 


Contralateral Leg only 

Contralateral Leg spreading Leg 
Ipsilateral Leg spreading Contralateral Leg 
Arm movements with without Leg movements 


Fic. 8.—A diagram the medial surface the left cerebral hemisphere. 
All the excitable points shown the appendix diagrams were superimposed (trans- 
posing where required), and contours have been drawn include 
per cent the points having the responses indicated. 


the points giving the limb movements indicated, and the contours 
have been superimposed. can seen first that points which included 
movements the upper limb tend forward those giving move- 
ments the legs only. Not only this contention true collectively, but 
supported considering the individual points Cases Nos. 
and The figure shows also that those points giving movements both 
legs tend the lower part the area, and there significant 
difference this respect between those points giving movements 
beginning the ipsilateral the contralateral legs. Within the 
contralateral leg area, the points giving respectively hip, knee, foot 
and toe movements were distributed irregularly both individually and 
collectively, and anatomical sequence can discerned. The upper 
margin these contours has physiological significance. Its position 
determined the upper edge the window the falx, and the 
upward extent this edge was intentionally limited. The other margins 
were extended where necessary and thus have some significance. 


x 

1 cm 


There one further point that clear. occasion have move- 
ments been obtained from the cingulate gyrus. The upper margin 
this (the cingulate sulcus) not less than cm. beneath the crest 
the hemisphere, and the lowest excitable point addition, 
the majority photographs, the can seen below the 
excitable points. 

relating these observations those others two principal points 
will emerge. First, that although bilateral limb movements are not 
uncommonly reported with some techniques cortical stimulation, 
primary ipsilateral movements have apparently not been reported before, 
and noteworthy that these patients all had palsy the ipsilateral 
side, dating from infancy. Second, that although knowledge primary 
leg area the medial surface man, analogous primary arm 
the lateral surface less secure than generally believed be, 
the present observations, together with those Penfield and Welch 
(1951), emphasize that from the medial surface motor responses can 
elicited which their widespread nature are unlike those obtained 
from the convexity. 

necessary make clear the meaning assigned three terms 
commonly used this paper. contralateral movement movement 
confined parts the body the opposite side the stimulated 
hemisphere. bilateral movement movement which either starts 
simultaneously two much more commonly, one 
which starts the contralateral limb and later involves the ipsilateral 
limb. ipsilateral movement one that starts the ipsilateral limb, 
and may may not spread involve the contralateral limb. Thus, 
the particular case where movement the ipsilateral side followed 
movement the contralateral side, the term bilateral movement 
not used. The movement referred ipsilateral movement and, 
necessary, the context, the subsequent movement the contra- 
lateral limbs stated separately. the various usages adopted 
different authors, find this the least confusing and the most economical 
words, but adopting throughout, has been necessary alter the 
terminology used some observers describing their own 


Ipsilateral and bilateral movements the limbs porduced cortical 
stimulation. 
(a) animals: 

has often been assumed that excitable areas the medial surface 
the hemisphere were extensions over the crest the relevant motor 
areas the pre-Rolandic gyrus the lateral surface. this hypothesis 
correct, one should ask whether ipsilateral movements 
the produced stimulation the lateral surface, 
for both types movements have formed conspicuous feature the 
responses from the medial surface these cases. 
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There are fact plenty reports the production bilateral 
movements the extremities animals and man; but view the 
frequency with which many the earlier investigators set out produce 
what now recognize the characteristic type clonic movement 
encephalogram, some reports are difficult evaluate. Nevertheless, 
movements the ipsilateral limbs have always excited interest, and 
Gotch and Horsley (1891) review less than investigations designed 
their origin. They conclude from their review, however, 
“that where the excitation properly limited the cortico-spinal 
system, unilaterality representation the lower limb muscles appears 
Nevertheless, they appear accept valid the findings 
other workers that ipsilateral movements could produced after excision 
the other hemisphere. Previously Beevor and Horsley (1890) had 
reported bilateral arm movements from stimulating the corona radiata 
(but not the grey matter) one Bonnet monkey. 

This subject was taken again Bucy and Fulton (1933), who 
experiments monkeys and apes lightly with 
ether, showed that bilateral responses the extremities could readily 
obtained stimulation the cortex restricted region about the 
superior lip the precentral sulcus just inside the premotor region (area 
Brodman). The ipsilateral movements were generally seen the 
leg, and usually consisted sustained extension all the joints. 
They were always associated with complex movements the contra- 
lateral side shorter latency, and usually opposite sign. Occasionally 
movements the ipsilateral arm were obtained. They found that deep 
with ether barbiturates abolished the ipsilateral response. 
showed section experiments that the descending pathway was 
limited the ipsilateral side the spinal cord, and ablation that the 
response was not dependent the presence the major motor projection 
system (areas and the other hemisphere. They also showed that 
provided area area alone was present one side, the animal could 
make a.co-ordinated movement all four extremities. Hines (1940) 
chimpanzees found bilateral limb movements exceptional, but 
three points stimulation gave bilateral leg movements one animal. 

Wyss (1938) reported bilateral movements Rhesus monkeys. 
Ipsilateral movements were noted the arm, usually slow tonic 
assumption flexed position, accompanied always complex move- 
ments the contralateral arm leg. 

The phenomenon bilateral movements the extremities thus 
well established animals, and some workers has been concluded 
that uncrossed pyramidal fibres running down the lateral columns, 
described Schaefer (1883) the Macacque—present also man 
(Hadden and Sherrington (1886))—were the responsible tracts. The 
relevant literature the histology reviewed Fulton and Sheehan 
(1935), and appears that man, uncrossed fibres the lateral column 


are about four times more numerous than those the anterior column, 
and that this preponderance more marked still monkeys. There are, 
however, two difficulties associating lateral column uncrossed fibres 
with these movements. First, Sherrington (1906) pointed out, bilateral 
degeneration well marked after ablation the excitable hand area, 
and bilateral hand movements are very rarely reported response 
cortical stimulation. Secondly, Tower and Hines (1935) have reported 
symmetrical movements all four extremities resembling those seen 
epileptiform convulsions from stimulating the frontal motor regions 
after bilateral section the pyramids the Macacque. will not 
possible decide the pathways concerned movements 
until the contribution cortically induced movement 
better appreciated. 


(b) man: 

The representation ipsilateral movements has been widely assumed 
man. Gowers (1893), for example, relying Broadbent’s Hypothesis, 
stated: “It appears that one-sided movements are represented both 
hemispheres and can excited from either proportion they are 
habitually associated the two But reports observations 
confirming this stimulation are very scarce. Ericson (1944) seeking 
explain this comments: observation has apparently not 
been directed the ipsilateral extremities and, since they are not 
such dramatic nature are the contralateral movements, they may 
stated that had never obtained 
pure ipsilateral movements the extremities, but appeared 
that bilateral movements could produced, though the 
absence any detailed protocols makes assessment his evidence 
reported (1931) have stated that occasionally stimulation 
the area for the trunk and thigh gave ipsilateral (i.e. bilateral) movements; 
this was later elaborated follows (p. translation): the 
participation the ipsilateral parts the body (to stimulation) 
brought about stimulation hemisphere the uncrossed pyramidal 
the excitation from the stimulated hemisphere through the corpus 
callosum the other hemisphere from where reaches the opposite 
half the body, emerges from the fact that the ipsilateral effects 
stimulation persist after the corpus callosum severed. have been 
able establish this several cases occlusive hydrocephalus where 
made incision 6-7 the corpus callosum order obtain 
communication between the ventricular cavity and the subdural space. 
stimulation the part the prefrontal gyrus affecting the leg 
resulted exactly the same participation the ipsilateral leg after 
the severing the corpus callosum before. Even after the destruction 
the leg area one hemisphere possible bring about bilateral leg 
movements through stimulation the leg area the other 
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Since the absence protocols has made some reviewers sceptical 
Foerster’s statements, worth recording that the particular 
stances the present observations strongly confirm the likelihood 
this observation. another occasion (1936a) stated that bilateral 
hand movements could produced. 

Against these positive findings must recorded the fact that many 
workers have failed obtain these responses save under conditions 
which they regard exceptional. worth observing that Leyton 
and Sherrington (1917) their large series anthropoid apes failed 
obtain bilateral responses the limbs, and Penfield and Boldrey (1937) 
obtained bilateral responses involving the limbs and pure ipsi- 
lateral responses 126 operations man under local they 
were the opinion that response practically does not 
exist for motor subsequent review over 400 cases, 
Penfield and Rasmussen (1950) state: ipsilateral motor responses 
were present the extremities. one patient there was movement 
legs upon stimulation the left motor leg area. This was verified 

clear how these discrepancies between different observers have 
arisen. The hypothesis which has dominated the observations Horsley, 
Sherrington and Penfield and their respective co-workers that 
Hughlings Jackson, namely there primary representation 
particular movement discrete points the cortical grey matter. 
Thus threshold stimuli are used, and the focus interest each stimu- 
lation the exact nature the first movement observed. This movement 
then considered point beneath the stimulator 
lower threshold than any other movement, and this information 
gives one entry map the excitable area. Any succeeding move- 
ments which are observed while stimulator still applied are con- 
sidered due spread excitation physically neuronically 
neighbouring points, and these observations are discarded irrelevant 
for the purposes the map, though they may noted relation 
Hughlings Jackson’s description the epileptic This 
convenient procedure because when the small amount the total data 
which remains arranged, some orderliness emerges. But not the 
only permissible procedure, and there likewise justification the 
claim that “more reveals superior way the 
“true function” the region stimulated. The true position that every 
technique provides its own unique set observations, and one technique 
only better than another the sense that provides observations more 
relevant one particular hypothesis. This has been said other words 
Murphy and Gellhorn (1945). They point out that slight change 
method, based fundamental shift the point view (makes) 
reinvestigation imperative,’ whereupon they show, applying 
sub-convulsive punctuate stimuli the motor area for sec. each 
point that new, and some senses more meaningful, map obtained. 


particularly important stress the significance technique 
when approaching region whose excitable properties have hitherto 
its For may reasonably held that postures 
iather than movements may represented—Ward (1952) the basis 
experience the unanesthetized cat has suggested this 
the particular movement which first occurs when the stimulus 
applied has relevance, since the final posture 
independent it. general, the complex movements 
obtained from the medial surface have been revealed continuing 
stimulate for least three seconds after movements have commenced, 
will mentioned the next section. Penfield and Welch (1951) 
suggest that they may have missed the full potentialities the excitable 
points this region some cases, removing the stimulator too soon. 

summary, then, two points can First bilateral 
movements the limbs have occasionally been reported from stimulation 
the lateral thus their production from the medial surface 
not itself evidence that the area stimulated distinct 
primary motor region. appears, however, though movements 
involving more than the two bilaterally limbs have never 
been obtained under conditions free from generalized epileptic seizures. 
Second, that the production ipsilateral movements, that movements 
commencing the ipsilateral limbs, quite inconsistent with that 
which has hitherto been reported from the primary motor area man 
animals, 

Before discussing the present data further, necessary review 
the results which have been obtained others from stimulating the 
medial surface the hemisphere. 


Reports stimulating and ablating the medial surface the hemisphere. 


(a) monkeys: 

and Schaefer (1888) summarized their results stimulating 
the medial surface variety monkeys the following words: 
“Application the electrodes successive points (on the marginal 
from before backwards produces (1) movements the head; 
(2) the forearm and hand: (3) the arm the (4) the 
upper (dorsal) part the trunk: (5) the lower pelvic part the trunk: 
(6) the leg the hip; (7) the leg the knee; (8) the foot and toes.” 

Grunbaum (1903) obtained movements the 
contralateral lower limb and tail the medial surface 
corresponding the upward extension the pre-Rolandic gyrus, and 
addition they obtained movements the contralateral hand and 
shoulder forward the leg area the chimpanzee, albeit 
irregularly and with strong Their results, and particular 
the movements the upper limb, appear have been confirmed the 
Vogts (1919), who attribute the original observations this region 
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Munk. These observations have been considerably extended recently 
Penfield and Welch (1951) monkeys, and 
Woolsey, Stellage, Meyer, Sencer, Hamuy and Travis (1952), who 
obtained 350 separate motor points animals under deep Nembutal 
Their observations appear have established strong case 
for separate zone representation the somatic musculature now 
known the supplementary motor area. Penfield and Welch (1951) 
find this region definite topographical organization for movements 
the contralateral extremities; they find hand area extending forwards 
em. from the primary motor area the medial surface, which gives 
trunk (or leg) and tail responses. They find this hand area usually 
narrow band the posterior part giving flexion the fingers, pronation 
the hand and extension the elbow. Forward this larger area 
giving extension the wrist and fingers. They also report dorsiflexion 
the foot accompany these extensor responses from the hand from 
the most anterior region; they further state that few occasions 
when both hemispheres were intact have seen bilateral leg movements 
associated with trunk responses elicited the anterior portion the 
supplementary motor area near the cingulate This appears 
the first report movements this nature from this region the 
monkey. 

Woolsey’s (1952) data more extensive and the basis 
drew out simian equivalent Penfield’s well-known homunculus. 
This figure shows the dorsal musculature represented 
cingulate sulcus and large representation the face and hand muscula- 
ture pointing forwards and upwards the crest the hemisphere. 
Woolsey puts the supplementary leg area beneath the primary tail area. 
does not find leg area anterior the hand area Penfield and 
Welch. Woolsey never obtained ipsilateral any his 
animals, and considers likely explanation for this lie the deepness 
his These recent workers both agree that the supple- 
mentary motor area has slightly higher stimulus threshold than the 
primary motor area, and Woolsey tinds that point the supplementary 
motor area can repeatedly stimulated with little evidence extinction, 
unlike the primary motor area, and this respect particular, his 
findings agree with the present ones. 

Horsley and Schaefer (1888) ablated the medial surface one side 
monkeys. The results were not striking bilateral ablation. 
but they report defective rotation the trunk the side opposite 
the lesion and paralysis the opposite leg, insufficient interfere with 
running and climbing. They not unfortunately make any observation 
the state the upper limb, but clear that nothing gross was 
observed. 

Penfield and Welch (1951) showed that ablation the supplementary 
motor area was associated with the production grasp reflex, and they 


suggest that since the grasp reflex has been identified component 
the righting reflex primates, the supplementary motor area controls 
movements the extremities related postural 
observation may associated with the condition innervation” 
(e.g. the inability let object held the hand) described 
Wilson and Walshe (1914). their cases had large endotheliomata 
position likely interfere with the function the homologous 
region man. 

Thus there ample evidence from monkeys that stimulation the 
medial surface has shown contralateral lower limb area homologous 
with the upper limb area the lateral surface, and addition has 
revealed that anterior this area movements the upper limb and 
face may obtained. According recent suggestions this forward 
region not co-extensive with the arm regions the lateral surface, 
and signifies part supplementary motor representation. 


(b) man: 


Published protocols the results stimulating the medial surface 
the hemisphere man together with figures showing the relation 
the excitable points have not existed until recently. This doubt due 
the difficulties exposing this region without danger from 
rhage, and the consequent rarity with which such exposures have 
been justified. There have nevertheless been plenty speculations 
based animal work and observation the effects disease and 
injury inspired example this inferential reasoning 
was given Ferrier “The Functions the (2nd Ed. 1886), 
480, where states: convolutions bounding the upper extremity 
the fissure Rolando include centres for various complex movements 
the arms and legs such are concerned climbing, swimming, 

Foerster stated: the superior border the hemisphere 
the pre-central convolution extends the mesial surface into the para- 
central lobule which contains foci the foot, the toes, the bladder 
and the His experience was stated based upon almost 
300 human brains, explored the majority cases under local 
the same published chart summarizing his observations, 
and adding over area labelled anterior the leg area, caption 
which translation reads: the head, eves and trunk the 


opposite side, and synergic movements the contralateral 
But Foerster never published protocol the results stimulating 


this region individual patient. 

Penfield and Boldrey’s (1937) series 126 operations, one 
patient only was the medial surface explored for motor points with 
success. Two points were found this case, one giving toe movements, 
and the other leg movements unspecified kind. 

(1940) produced movements the foot and infant 
months, from one point beneath the superior medial border, 
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and em. below this located point which produced focal contractions 
the rectal sphincter. This the first report this man. 

Brickner (1940) the same year reported the production repetitive 
vocalization from stimulating one point the medial surface, but 
did not report any excitable motor points. 

Penfield and Rasmussen (1950) give detailed results stimulating 
the medial surface three patients, together with figures. one 
their patients, three points gave autonomic phenomena only, move- 
ments were reported. second patient, they point out that four 
points forward one which produced thigh movements, gave tonic 
movements the contralateral arm the whole body, turning 
the head and eyes. the third patient one point the medial surface 
produced arrest speech, and four points more anteriorly produced 
movement the opposite arm, neck and trunk. Two these points 
appear the cingulate gyrus. They note that their experience 
motor responses from this region are considerably more varied than the 
adversive movements reported Foerster, and they question how 
often Foerster had fact stimulated within the longitudinal fissure. 

more extensive review has been given Penfield and Welch (1951) 
based explorations the medial surface done under local 
They report summary form variety responses—vocalization, 
aphasia, and pupil movements, cardiac effects and movements 
skeletal musculature, but they consider the motor response the pre- 
dominant feature this region. With regard movements, they find 
general that the threshold usually higher than the primary motor 
area, and the latency response was longer. They also note that the 
threshold for motor responses higher than for other responses. They 
state that arm movements were seen responses from patients, 
and occasions the arm response was combined with leg response. 
other occasions movements the head and were seen 
accompany the arm movements: the movements were most frequently 
the elbow and shoulder, although several instances there were 
movements the hand. Leg movements were seen alone from only 
responses patients, and one these patients the leg responses 
may have been due the spread discharge epileptic focus 
the leg area. They give the protocol and diagram from one patient; 
this contains excitable points, and one these the medial surface. 
The report from this point follows: and abduction 
the fingers the left (contralateral) hand; when this stimulation was 
repeated there was flexion the wrist and extreme extension the 
fingers, followed apposition the thumb and The remaining 
excitable points this patient are all shown situated the convexity 
the right hemisphere just over the crest, and they gave complex 
movements the right knee, left and left and right arms. Penfield 
and Welch remark the repeatability the complex movements from 
the area and add their impression that stimulation had been more 


prolonged, the responses would have become more elaborate and 
approached full synergic employment all extremities and the trunk. 
Ericson and Woolsey (1952) have stimulated the medial surface under 
local patients. They particularly noted movements 
the lips, face and jaw but observed bilateral ipsilateral limb 
movements (Woolsey, personal communication). 

Penfield and Welch (1951) observed that patients stimulation 
the medial surface produced movements contralateral arm which 
had already been rendered hemiplegic vascular occlusion 
and removal the primary area the other. Thus the responses 
not necessarily demand imply the integrity the primary motor 
regions. They also state that ablation the supplementary motor area 
has produced permanent deficit maintenance posture capacity 
for movement—evidently grasp phenomena were not 
stimulation and ablation are well known close agree- 
ment the intact primary motor region, but this agreement not 
necessarily close elsewhere and other conditions. There for 
example the observation Krynauw (1950). Welch and Penfield (1950) 
and Bates and (1951) that ablation the excitable cortex 
cases infantile hemiplegia not necessarily followed any impair- 
ment the ability perform the movements produced from that cortex 
stimulation. Penfield and Rasmussen have also pointed out that 
far speech function concerned the results stimulation and ablation 
may some respects inconsistent. For example stimulation 
area produced suppression speech, ablation the same area may 
have effect speech. 

Summarizing this point can said that the present results 
resemble many respects the described others. since. 
particular, complex movements have been produced patients under 
local who are neither hemiplegic nor hemispherectomized. 
the present results are not peculiar the patients the circumstances 
the operation. What evidence there this region 
the moment contradictory. This not surprising, since there are 
difficulties fitting even the response stimulation man into 
pattern. These difficulties will now considered. 


The localization representation the medial surface. 

Penfield and Welch (1951) localized the supplementary motor area 
the following words: lies largely the sagittal fissure anterior the 
primary (Rolandic) motor leg representation. the dominant hemisphere 
there seems narrow strip cortex between the two which 
devoted speech will now asked what extent 
the present data can confirm this localization. Here there seem 
difficulties. already stated this region was approached, ignorant 
the concurrent American observations, the expectation only finding 
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primary leg area—this one has significantly failed do. Only half the 
total points have given movements commencing the contralateral leg, 
and these movements more often than not became bilateral. clear 
descending sequence knee, ankle, and toe representation has been 
found perhaps because insufficient data. However, consideration 
the literature and especially the published protocols, has suggested that 
the existence primary leg area man has not yet been established 
with anything like the degree certainty with which the primary arm 
area established. this suggestion well founded premature 
propose that differences the motor responses can distinguish two areas 
the medial surface. But the evidence not strong enough deny 
that primary area can exist way that universally depicted to. 
Perhaps the strongest evidence favour comes from reports 
crural monoplegia produced disease and injury the hemisphere. 
described Walshe (1935) for example, excision the 
excitable leg area gave slight weakness the knee, weakness the 
ankle and defective movements the toes fifty days later. Horsley 
(1887) has reported paralysis the great toe only 
excision. These cases, though rare, resemble clinical detail the 
commoner brachial monoplegias which can produced similar ways. 
(1944), however, has noted the lack positive evidence support 
representation toe, ankle and knee movements 
and describes patient (No. which ablation the upper- 
most part the precentral gyrus including part the paracentral 
lobule produced paralysis and very temporary 
spite the fact that this patient oniy one motor point for the leg 
was identified stimulation before the excision, seems likely that 
excision this region man gives more variable results from patient 
patient than excision the arm area. (1940) has provided 
critical review the literature point out what insecure 
evidence movements about the proximal joints the lower limb have 
been represented the upper surface the convexity, and justify 
the suspicion that animal data has been made service for the lack 
similar data for man. consecutive explorations his own 
particularly designed expose the crest the hemisphere, 
found only shoulder movements, and there nothing view 
contradict his contention that the representation should not 
depict the lower limb having motor foci the convexity—such foci 
may the exception rather than the rule. 

Penfield and Boldrey’s homonculus based 126 explorations shows 
leg and toe movements represented the medial surface but their 
presence this figure justified solely the results obtaining move- 
ments those parts from two separate points one patient. Penfield 
and Rasmussen (1950) report 400 cases, and obtain all from the 
medial surface toe movements from points, ankle movements from 


points, knee movements from points and hip movements from points. 
some these movements occurred combination from the 
same point. They give one relevant protocol (fig. 19) which shows points 
order from above downwards which produced primary movements 
the contralateral knee, foot, knee and toes respectively. the protocols 
published Penfield and Welch (1951) points the medial surface 
which give primary movements the contralateral leg, though recorded, 
are notably searce, and are not told that they have been purposely 
omitted. Although proportionally the present patients seem have 
more points suggestive primary leg area than theirs, these results 
have this common that place contralateral leg movements one 
frequently sees bilateral, or, these patients especially, ipslateral 
movements. One tempted suggest that these observations, taken 
together with Foerster’s experiences bilateral representation already 
referred to, are confirming Gower’s speculation (already quoted) that 
there may relatively strong bilateral representation the primary 
leg area each hemisphere man. May not be, other words, that 
depicting the representation the motor homunculus should 
have two back This view would suggest difference between 
monkeys and man, but all monkeys the accustomed movements 
the lower limb show greater degree individuality and discreteness, 
and would certainly accord with some hypotheses the cortical 
representation the leg man was less extensive proportionately. 

The difficulty deciding the true nature primary leg area 
must remain for the present, but can nevertheless safely said that 
the repeated appearance complex patterns movement the arms 
and legs from stimulating one point with mm. bipolar stimulator 
quite unlike anything seen from the convexity under similar conditions. 
this extent Penfield’s claim for supplementary motor area must 
supported, together with his observation that such points are anterior 
the region where one would expect primary leg area be. one 
case the present series (Case number points gave movements 
the contralateral hand. This would consistent with the separate 
representation hand movements the medial surface which both 
Penfield and Woolsey have claimed for monkeys. But view the 
large variations the motor map man, and especially view the 
evidence Penfield and Boldrey (1937, fig. 12) movements all the 
fingers obtained the crest the hemisphere, one should clearly 
hesitate adduce data from Case supporting evidence for supple- 
mentary hand representation man. stimulation the whole hemi- 
sphere had been possible this patient, and shoulder and trunk area 
had been found separating the hand areas, the significance the medial 
surface responses would have been greater. 

has been adequately emphasized Walshe (1935) that histological 
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but may relevant note that there are striking and well- 
known differences the distribution the large pyramidal cells the 
arm and leg regions. These cluster particularly the grey matter 
the excitable region the medial surface now under discussion but 
contrast are “relatively scanty the region wherein hand and digit 
movements are (Walshe, 1942). The experiments Murphy 
and Dusser Barenne (1941) suggest that the integrity the layer which 
contains these cells necessary for normal motor function. But must 
await more data determine whether the particular clustering the 
giant cells the medial surface any way supports the suggestion 
two separate motor representations. Comparison the present stimulation 
map from the medial surface (fig. and the histological maps Campbell 
(1905) suggests that movement obtained from wider area than that 
which contains the giant cells. This suggestion accord with Woolsey 
(1933) experimental findings the dog. 

One might ask conclusion whether the frequency with which 
ipsilateral leg movements have been seen these patients some 
way consequent the damage the other hemisphere infancy—are 
these observations not demonstration function” and 
ipso facto irrelevant discussion normal representation? This 
question only answered statistical grounds, and yet the 
relevant data from non-hemiplegic subjects stimulated 
conditions are insufficient. Apart from the possibility that this respect 
these patients are not representative the normal, can pointed 
out that there were clinical grounds for suspecting abnormality this 
region, and such grounds had existed the operation would not have been 
undertaken. highly unusual stimulating the human cortex 
circumstances where the pathology epilepsy tumour can com- 
pletely excluded from the neighbourhood. 


Cortical stimulation and spinal reflex movements. 


Close examination these records has revealed that differences 
commonly occur the behaviour the great toe from the remaining 
toes. Penfield and Boldrey (1937) found evidence this, and Penfield 
and Rasmussen (1950) noted only rarely. further clear that the 
different toes may behave way consistent with the clinical signs 
examination, namely extension (dorsiflexion) the great toe the 
hemiplegic side, and (plantar) flexion the sound side. These responses, 
when they are elicited stimulating the sole the foot, are usually 
considered represent reflex movement organized the level the 
spinal cord. 

There nothing novel the observation that movement evoked 
cortical stimulation should closely resemble one organized 
spinal level, though the great similarity not often stressed the 
present time. Sherrington (1892) early his work, commented this. 
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wrote: and adduction the hallux with extension the 
other digits ... have frequently seen occur spinal reflex movement 
the foot Macacus rhesus just one frequently sees occur excita- 
tion the leg area the hemispheral later paper 
(Sherrington, 1898) wrote: adduction the thumb though 
instanced action peculiarly cortical nature, really the most 
frequent and facile pure spinal reflex the upper extremity. Its large 
and predominant representation the cortex concomitant with 
rather than contrast against large and predominant representation 
the spinal further devoted considerable proportion 
Ch. Integrative (pp. 288-299) discussing this 
similarity, and concluded: local reflex movements obtainable from 
the bulbo-spinal animal and elicitable from the motor 
cortex the narcotized animal fall into line similar series. Both 
consist the same supporting this lays stress (pp. 
the predominance flexor over extensor movements obtainable from 
cortical stimulation. already stated this predominance clearly noted 
the present observations. also relevant observe that many 
workers have produced bilateral movements the legs from stimulating 
the distal end one cut pyramidal tract, and Landau (1952) has recently 
demonstrated the cat the potentialities for organized 
complex kind residing purely spinal mechanisms. remains for 
further study elucidate what extent, Sherrington think implies, 
identical movements are two places. what extent 
movements evoked stimulation the cerebral cortex are the result 
activating purely spinal motor organizations. 


SUMMARY 

(1) consecutive group patients undergoing the operation 
hemispherectomy for infantile hemiplegia, portion the falx cerebri 
was excised after removal the diseased this way the 
medial surface the sound hemisphere was exposed for stimulation. 
patients lightly motor responses were obtained from 
total separate points and 102 separate stimulations. mm. 
bipolar stimulator supplied with interrupted D.C. constant voltage 
was used. The observations were checked cinematograph records. 

(2) was found that half the excitable points the medial surface 
gave movements commencing the contralateral leg; the remainder 
gave movements commencing with the ipsilateral (hemiplegic) leg, the 
contralateral arm, and the ipsilateral arm that order. 

(3) The latency the primary movement averaged sec., and 
irrespective the limb which the movement commenced was usual 
obtain movement second limb with latency sec. from the 
start the stimulus. Bilateral leg movements were most commonly 
seen, but cases movement limbs was produced and case 
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movement all limbs was produced from stimulation single 
cortical point. 

(4) These complex responses could readily obtained repetition, 
they did not resemble responses obtained from the motor region the 
lateral surface under similar conditions and were way similar 
movements seen accompanying epileptic discharges. They resembled 
some respects the assumption posture, the performance com- 
ponents simple act such climbing and are thus similar those 
recently described others from this region. 

(5) The distribution excitable points the medial surface 
these cases does not clearly distinguish supplementary motor area 
from primary motor area, particular the zones from which primary 
movements from the contralateral and ipsilateral leg were obtained 
were identical; did, however, seem that responses involving the arms 
tended anterior responses confined the legs. 

(6) movements which involved the toes, the great toe and the 
remaining toes more often than not responded different ways. 
two the patients withdrawal the lower limb with upgoing great 
toe was produced the hemiplegic side from cortical stimulation. 
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APPENDIX 

These protocols set out the full observed results stimulation and 
there are various points note interpreting them. 

(1) avoid confusion, the movements are described with the 
nomenclature Text-book Anatomy (1949). The joint 
designated followed the movement about it. this way, some 
familiar expressions are replaced less familiar; for example, 
abbreviated code the thumb” becomes 
since the movement opposition takes place the first carpo-metacarpal 
joint. The ankle joint dorsiflexes, but the toes extend, although the 
movement the same sense. The confusion the nomenclature 
ankle and toe movements discussed Gray’s Anatomy (p. 440) but 
purpose served individual attempts rectify it. 

(2) The points each case are listed the order which they were 
stimulated, but this takes account the number stimulations 
from which movement was obtained; the average there would 
about such points each case. 

(3) The results each point are arranged such way that each 
limb has separate line type, and movements the ipsilateral limbs 


LXXVI 


are italics; the instant which limb began move relation 
movements other limbs indicated the vertical arrow. 

(4) The coded description implies that after one movement 
joint has occurred, continues throughout the duration the stimulus, 
and that subsequent movements other joints occur independently 
it, thus general the limb assumes more and more involved posture. 
Slow movements occasionally occur, for example alternating 
dorsiflexion and plantar flexion the ankle. The mention several 
separate movements occurring sequence does not imply that observa- 
tion has been made equal time intervals during the response. 

(5) This analysis has attempted list active movements and exclude 
passive ones, but this not always easy; for example, when the knee 
observed rise and the foot simultaneously drawn the couch, one 
can certain that there active movement flexion the 
but flexion the knee may passive. Whenever there seems 
strong possibility that the movement observed passive, has been 
excluded. the case movements the fingers, attempt has been 
made distinguish movements the metacarpo-phalangeal joints 
from movements the inter-phalangeal joints. seemed that 
unnecessarily elaborated the descriptions. Movements the fingers 
commence the metacarpo-phalangeal joints, the inter-phalangeal 
joints move towards the end the movement. Likewise reference 
made toe movements rather than movements the joints the 
toes. The numbers parentheses refer the individual digits; 
implying movement all digits. 

(6) the start each stimulus the subject lying flat his back 
with the legs straight out and together and the arms straight the sides 
unless they have been flexed the elbow for the sake making finger 
movements more the head the subject every case 
fully rotated towards the side stimulated. 

(7) The separate lengths cine film relative each point were 
joined into loops and continuous inspection the projected loops 
film two observers was needed extract the information from it. 
The value the film was illustrated comparing the results this 
with observers’ reports made the time. These reports are not included 
where film analysis was made. The camera was hand-held, and 
particular care was needed few cases exclude the possibility that 
apparent limb movement was due slight displacement the 
camera during filming. The latencies the respective limbs and the 
total duration the stimulus have been taken from the cine film and 
are given (in sec.) the right-hand columns labelled and 


(8) The construction the diagrams described the section 
Anatomical Localization. The limb which moved first each point 
thick line within the circle, and the limbs which move 
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subsequently are indicated thin lines, according the following 
code: 


Contralateral arm (CoA) Ipsilateral arm 
Contralateral leg leg (IpL) 
(9) The following abbreviations are used: 
bbre- 
Joint viation Movement viation 
Carpo-metacarpal (thumb) Medial rotation 
Metacarpo-phalangeal (finger) Lateral rotation 
Intertarsal Plantar flexion 
Eversion 
Retraction 
Elevation 
Clonic 
N.B. 
(1) The dash (’) implies restimulation without cinematography. 
(2) The star (*) implies restimulation with cinematography. 
(3) The numbers following the star identify the separate stimulations the 
same point under similar conditions, 
Interval (sec.) between the start the stimulus and the first appearance 
movement the limb indicated. 
Total duration (sec.) the stimulus. 
The horizontal arrows imply the phrase ‘‘followed 
The vertical arrows indicate the point which movement another 
limb commenced. 


Case 


23.11.50: Right hemisphere stimulated. 


Volts Point Result 
A 


| 
Rt. K.E 


sup. 
ant. 
c 
© 


Volts Point Result 
C*2 Lt. T(1-5).F A.PF A.DF K.C 
A 
Rt. A.DF 
C*3 Lt. A.PF A.DF K.E K.C 4-2 
A 


7.3.51: Left hemisphere stimulated. 


Volts Point Result ant. 
Lt. 
Rt. 
Rt. 
A 
Rt. 
Rt. 
Lt. 


Lt. 
fig. 
clonus for 3-0 secs. after stimulus was withdrawn. 


Case 


12.3.51: Right hemisphere stimulated. 


Volts Point Result 
Lt. H.Ab 
Rt. K.F 


XUM 
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Volts Point Result 
Rt. 
Rt. 
t 
t 
t 
Rt. H.MR 0-4 
Lt. K.F H.C 2°5 
A 
Lt. MP.F W.Ad 


Fig. 


Case 
15.3.51: Left hemisphere stimulated. 


ant 
Volts Point Result 

Rt. 


clonus for secs. after stimulus was withdrawn. 


sup. 


Case 


22.3.51: Left hemisphere stimulated. 


Point 


Rt. 

Rt. H.MR 

Rt. 

Rt. A.DF T(2-5).E 

Rt. T(1).E 

Lt. 3).E 

Lt. W.F 

Rt. 

Rt. 

Lt. H.F 

Rt. H.F K.F A.DF LEv 
Lt. 


Yik — 


Rt. 
A 
Lt. H.MR 
A 
| 
Lt. 
Lt. 
+ 
Lt. 
Lt. 
MP(3).E MP(3).F W.F E.F 
1*3 Rt. W.Ad MP(2-5).F E.F 0-4 


the cine film stimulating point only the upper limb was 


visible close up. The leg movements are inserted 1*1 
from observers’ reports, and the legs moved before the Rt. hand. 


XUM 


sup. 
ant. 
Result 
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Case 


11.4.51: Right hemisphere stimulated. 


Volts Point Result 


A 


Rt. S.Al 
A 


Rt. H.F H.C 


clonus for secs. after stimulus withdrawn. 


20.6.51: Right hemisphere stimulated. 


Volts Point Result 
Lt. 
Rt. 
Rt. H.Ad 


Lt. H.MR 


sup. 
410 
ant. 
1 
Rt. 
Rt. 
Rt. 
Lt. T(1-5).E 
Rt. I.Ev 
Lt. S.Ad 
Lt. T(1).F 
T(1).F 
+ 
Rt. A.C 
Rt. A.C 0-9 4:2 
3-4 
sup. 
ant. ? 
la. 


Volts Point Result 
Rt. 
t 
Rt. H.Ad 


Rt. 


Rt. 
8*1 Rt. H.Ad 


Lt. T(2-5).E 
Lt. T(2-5).E 
Rt. H.Ad 
Rt. 
A 


Lt. 
10*1 Rt. 


Rt. 
Rt. 


Rt. 


Fig. 


Case 


11.7.51: Left hemisphere stimulated. 


Volts Point 

Rt. H.F 
Rt. 
Rt. H.F K.F 
Rt. CM(1). 
Rt. MP(1- 
Rt. 
Rt. CM(1). 
Rt. 
Rt. W.E 
Rt. W.Ab 


MP(2-5). 


5). 
W.F 


Rt. H.F 

Rt. 

Rt. 

Rt. 

Rt. MP(5).F W.F E.F MP(3).F MP(2).F> 


MP(2-5).Ad 


XUM 


4-0 
4:3 
3-9 
0-6 
0:7 
0-4 
7-9 
sup. 
B OF ant. 
Result ® ® ® M 
cp. 
3-9 
3-4 


XUM 
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Volts Point Result 
Rt. 
Rt. W.E 


Case 


10.10.51: Right hemisphere stimulated. 


Volts Point Result 


Rt. H.MR 
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ABERRANT REGENERATING NERVE FIBRES INJURY 
THE SPINAL CORD 


BY 


(From the Histological Laboratory, National Queen Square) 


(1893), case syringomyelia, was the first describe 
believed that the newly formed nerve 
fibres were derived from proliferation the injured centripetal parts 
the posterior nerve roots. the injured spinal cords rabbits, Stroebe 


(1894) demonstrated regenerating nerve fibres originating from the 


posterior nerve roots and from lateral 


white columns. case syringomyelia, Saxer (1896) noted 
and suggested that they might indicate regeneration the nervous 
tissue. Nageotte (1899) believed that the myelinated fibres present 
the spinal pia mater tabetic patients were derived exclusively from 
the anterior nerve roots. also noted regenerating nerve fibres 
the depths the scar hemisected spinal (1901) 
found neuromata the spinal cord cases syringomyelia and com- 
mented upon their resemblance the neuromata injured peripheral 
nerves. Schlesinger (1902) reported “neuroma” formation the spinal 
cords cases syringomyelia. Isolated bundles myelinated nerve 
fibres were observed Minor (1904) the scar the spinal cord 
patients with old traumatic lesions. Marinesco and Minea (1906), after 
section the spinal cord dogs, found regenerating nerve fibres originat- 
ing both from the substance the spinal cord and from 
nerve roots. They also described similar nerve fibres, derived from the 
posterior nerve roots and the substance the spinal cord, cases 
spinal cord compression due traumatic dislocation the first lumbar 
vertebra. The fibres usually accompanied blood vessels and were situated 
the anterior median fissure, the leptomeninges around the cord, the 
posterior roots, the substance the scar and the near-by grey matter. 
Numerous terminal swellings were present the axons the vicinity 
the lesions. Henneberg (1907) reported case total transverse lesion 
the spinal cord which found regenerating nerve fibres 
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the leptomeninges covering the dorsal columns. The fibres extended 
into the substance the spinal cord. believed that these fibres origi- 
nated the posterior nerve roots. Roussy and Lhermitte (1918) described 
regenerating fibres cases traumatic lesions the spinal cord man 
and believed that they were derived mainly from the posterior nerve roots. 

Cajal (1928) experimental section the cord and its roots confirmed 
and extended earlier observations. showed new fibres growing from 
the damaged axons both the cord and its anterior and posterior nerve 
roots. Jonesco-Sisesti (1929) found swelling and budding axons well 
“névromes régénération,” especially the anterior median fissure 
his cases syringomyelia. 

Staemmler (1939) found 600 human spinal cords, said 
normal, bundles and nodules interlacing myelinated and unmyelinated 
nerve fibres covered Schwann cells: the nerve fibres lay around arteries 
the pia mater, anterior median fissure, anterior white column and 
the grey matter. one these, similarly entangled nerve fibres were 


present anterior nerve root near its exit through the dura mater. 
These collections new fibres simulated amputation neuromata. Beck 
(1939) case neurofibromatosis described similar collections 
myelinated nerve fibres, covered Schwann cells, alongside and around 


arteries the anterior median fissure and the grey matter. 

Sugar and Gerard (1940) sectioned the cord young rats and saw evi- 
dence regeneration nerve fibres. Klaue (1949) studied case 
grenade wound the spinal cord which nerve fibres covered with 
Schwann cells occurred the scarred region. serial sections demon- 
strated their origin the dorsal nerve roots. Windle and Chambers 
(1950) found regeneration nerve fibres the sectioned spinal cords 
dogs and cats. The sources the new fibres were the dorsal and ventral 
nerve roots and the intrinsic neurons the spinal cord well the 
nerves blood vessels. Feigin, Geller and Wolf (1951) studied 102 im- 
mature rats which the spinal cords had been transected. They did 
not find any evidence regeneration. Greenfield noted aberrant nerve 
fibres the neighbourhood traumatic lesions the spinal cord. Most 
workers have found that these fibres were covered Schwann cells and 
were myelinated. 

generally agreed that there functional recovery after section 
the cord higher animals. This probably due the inability 
the regenerative nerve fibres penetrate the scar and re-establish the 
former neuronal pathways. interesting note that Sugar and 
Gerard (1940) and Freeman, Finneran and Schlegel (1949) found improve- 
ment function some their rats which the spinal cord had been 


450 RALPH DRUCKMAN AND MAIR 


sectioned, though Barnard and Carpenter (1950) failed confirm these 
results. 
MATERIAL AND METHODS 
While examining the changes the spinal cord cases protruded 
cervical intervertebral discs, evidence aberrant nerve fibres was found 
(Mair and Druckman). Similar fibres were seen case cord compres- 
sion myeloma. addition, such fibres were noted Blackwood 


case syringomyelia. Serial sections celloidin-embedded material 


were made through some the affected regions the cords and were 
impregnated the silver method Holmes. Routine stains were also 
used. 

The cavity the case syringomyelia extended from the first cervical 
the third lumbar segment and was greatest the lower cervical region. 
small cavity was also present the medulla. Aberrant nerve fibres 
were present between the fifth and seventh cervical segments. They 
occurred principally bundles entwined fibres (fig. situated mostly 
the lateral extension the anterior immediately 
anterior the fibres which decussate the anterior white commissure. 
Some nerve fibres were seen connecting the aberrant nerve fibres the 
lateral extension the anterior median fissure with those decussating 
the anterior white commissure. The bundles aberrant nerve fibres 
were continuous with skeins fibres (fig. situated the anterior grey 
horn immediately ventral the gliosed wall the syringomyelic cavity. 
Some the skeins were mm. diameter (fig. fibre 
was seen within the cord approaching its margin and then curving back 
upon its former course (fig. +). Occasional aberrant nerve fibres were 
present alongside vessels the lateral columns the cord (fig. The 
fibres were covered Schwann-like cells (fig. and most them were 
myelinated (fig. 7). 

the case with protrusion intervertebral discs, aberrant nerve 
fibres were seen the leptomeninges around the cord, the anterior 
median fissure and its lateral extensions (fig. 13), the anterior grey 
horns (fig. and adjacent vessels the lateral columns (fig.10). the 
damaged medial part the lateral column was seen aberrant nerve 
fibre which recoiling itself had formed distinct loop (fig. 
all situations, the aberrant nerve fibres were usually found close blood 
vessels. The majority these fibres were found and about the trauma- 
tized regions the spinal cord and greatest number the anterior 
median fissure and the leptomeninges around the spinal 
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axons were seen the anterior grey horns and the lateral and 
posterior columns (fig. 11). 

Schwann-like cells covered the aberrant fibres the leptomeninges 
(fig. 12), the anterior median fissure and its lateral extensions (fig. 13) 
and the perivascular spaces the grey matter. each these 
situations many the nerve fibres were myelinated. 

the case compression the spinal cord myeloma, aberrant 
nerve fibres covered Schwann-like cells were present the anterior 
median fissure and the anterior grey horn (fig. 15) the neighbourhood 
the lesion. There was marked axon swelling mainly the lateral 


and posterior white columns the site compression. 


The question arises the nature these aberrant nerve fibres. 
Hanau and Wille (quoted Schlesinger) and Minor suggested 
that they were merely displaced nerve fibres the anterior posterior 
nerve roots. This most unlikely for two reasons. First, the interlacing 
pattern the aberrant nerve fibres entirely unlike the parallel course 
fibres normal nerve root. Secondly, fragments normal nerve 
roots are not anywhere present the parenchyma the spinal cords 
examined. 

Another suggestion that these are the nerve fibres normally found 
around arteries the spinal cord (Clark, 1929). This improbable 
because the number nerve fibres adjacent the vessels much greater 
than that normally present. Further, most the aberrant fibres along- 
side the vessels are well myelinated, whereas this unusual 
vascular nerves proper. normal spinal cords have not observed 
such collections nerve fibres about the blood vessels. 

These skeins and bundles nerve fibres might, cursory examina- 
tion, mistaken for neurofibromata, particularly cases syringo- 
myelia where neoplasms are frequent (Jonesco-Sisesti, 1929). The 
structures our cases are not neurofibromata for, unlike the latter, they 
are formed collections nerve fibres each provided with sheath 
myelin and Schwann-like cells. The appearance closely resembles that 
traumatized peripheral nerves. 

The presence swellings axons may indicate damage the axons 
but may also signify regenerative process. Cajal (1928) noted that 
sprouting new fibres took place near swellings the damaged axons. 
This suggests that our cases the injured swollen axons may give rise 
regenerating nerve fibres, and that these aberrant fibres are, fact, 
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regenerating nerve fibres, though could not trace the aberrant fibres 
axon swellings. The regenerating fibres form bundles. Since the 
aberrant fibres forming the bundles are continuous with those the 
skeins, the skeins are considered arise from the bundles. 

the case syringomyelia, the connection the long bundles 
regenerating fibres with the decussating fibres suggests that some aberrant 
fibres originate from them. the decussating fibres the anterior 
white commissure are very likely suffer damage the expansion the 
syringomyelic cavity, regenerating fibres may well arise from nerve fibres 
damaged. 

the case disc protrusion, appears that the fibres the lepto- 
meninges and the cord are continuity. The presence the damaged 
lateral columns distinctly looped nerve fibre may suggest obstruction 
the pathway regenerating nerve fibre and consequent recurving 
the fibre its course order find possible avenue for growth 
(fig. 14). The evidence axon swellings the grey matter and the 
lateral and posterior columns suggests these sites the likely origins 
the regenerating fibres. Some these fibres may grow from the anterior 
nerve roots which, this case, showed evidence damage. There was 
histological evidence injury the posterior nerve roots probably 
they did not give rise the regenerating fibres. Some the regenerating 
fibres may originate from injured perivascular vasomotor nerve fibres, but 
have evidence for against this supposition. 

The regenerating nerve fibres tend follow blood vessels. This may 
explained lesser obstruction the growth fibres the peri- 
vascular spaces than elsewhere the spinal cord, suggested Fickler 
addition, may that around the vessels metabolic conditions 
are more favourable for their growth. 

From the material examined, appears that the aberrant nerve fibres 
fail re-establish any neuronal connections. Aberrant fibres nevertheless 
persist the absence any obvious function, for there evidence 
degenerative change these fibres. 

The regenerating fibres are covered elongated cells. Because these 
cells exhibit the morphological features Schwann cells, and they are 
not associated with collagen reticulin but are, many instances, 
accompanied layer myelin, assumed that they are Schwann 
cells. 

SUMMARY 

Aberrant nerve fibres have been found and around the injured 

spinal cord syringomyelia and compression the cord due pro- 
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truded intervertebral discs and myeloma the spinal column. These 


fibres are similar the regenerating fibres seen experimenta! lesions 
the cord. They frequently lie adjacent blood vessels and occur 
fibres, bundles and large skeins nerve fibres. most 
they are covered Schwann cells and are myelinated. The 
regenerating fibres probably arise from the long white tracts, from the 
decussating fibres the anterior white commissure, from the axons 
the nerve cells the grey horns and also from the nerve roots. 


Our grateful thanks are due Dr. Blackwood for allowing 
use his case syringomyelia, and for his helpful advice and 
Dr. Greenfield and Dr. van Bogaert for certain references; 
Dr. Muller for assistance with some translations; Miss Joyce Ede 
for technical and Mr. Mills for his care preparing 
the photomicrographs. 
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LEGENDS FOR PLATES 
PLATE 


Case 1.—SyRINGOMYELIA 


Fic. aberrant nerve fibres longitudinal section are present 
the upper part the photomicrograph; below them are two groups similar 
fibres cut cross-section. The longitudinal fibres lie close 
indicated the arrow, 300. (Holmes.) 


Fic. 2.—A bundle aberrant nerve fibres, continuous with small skein 
such fibres, lies dorsal the anterior grey horn. 300. (Holmes.) 

large skein interlacing nerve fibres present the anterior grey 
horn ventral the svringomyelic cavity. 75. (Holmes.) 

Fic, nerve fibre, indicated the arrows, seen approach the surface 
the spinal cord and then curve back upon its former course. (Holmes.) 

Fic. 5.—Aberrant nerve fibres, the lateral column the spinal cord, approach 
the surface the cord. 

Fic. 6.—Schwann-like cells cover the interlacing nerve fibres forming bundle 
and large skein. 80. van Gieson.) 


PLATE VII 
Fic. part the centre large skein shows the myelin sheaths both 
cross and longitudinal section. The nuclei the Schwann-like cells are prominent. 
700. (Modified 


Case CERVICAL INTERVERTEBRAL Discs 
Fic. 8.—Bundles nerve fibres are present the anterior median fissure. Some 
fibres, indicated the arrow, are continuous with bundle cut 230. 
(Holmes.) 


Fic. 9.—Groups closely entwined aberrant nerve fibres are present the 


anterior horn. 900. (Holmes.) 


Fic, 10.—A bundle aberrant nerve fibres lies alongside vessel fibrous 
septum the lateral part the cord. 230. (Holmes.) 


PLATE VIII 

Fic. 11.—Swelling axons present the lateral columns. 500. (Holmes.) 

Fic. bundle myelinated nerve fibres present around the anterior 
spinal vein. 240. van Gieson.) 

Fic. 13.—A bundle Schwann-like cells seen the side the vessels 
the lateral extension the anterior median fissure. van 
Gieson.) 

Fic. looped nerve fibre present the damaged lateral column, 1,000, 


Fic. 15.—Aberrant fibres and their Schwann-like cells 
below blood vessel the anterior grey horn. 550. (Loyez.) 
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illustrate article Ralph Druckman and Mair. 


PLATE VII 


illustrate article Ralph Druckman and Mair. 
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illustrate article Ralph Druckman and Mair. 
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THE SO-CALLED MEDIAL ROOT THE 
OPTIC TRACT 
ESSENTIALLY VISUAL COMMISSURE 


BY 


EUGENE WOLFF 
(From the Institute Ophthalmology, London, W.C.1) 


generally stated that its posterior part the optic tract divided 
groove into lateral and medial root; that the medial root not visual 
function all but the commissure Gudden joining the two medial 
geniculate bodies and fact auditory commissure. 

submitted that all these statements need qualifying are incorrect. 

the first place the groove usually shallow that there sharp 
line division between the medial and lateral portions the tract. 


Then Pfeifer (1930) has shown that the medial root although directed 


towards the medial geniculate body ends the brain substance front 
it, fact the medial portion the lateral geniculate. This 
confirmed figs. and which are Weigert-Pal stained horizontal sections 
human lateral geniculate body with the termination the optic tract. 
clearly seen that both the medial and the lateral portions the tract 


between the two roots. 

The medial part the lateral geniculate body does not rule form 
form the whole lateral geniculate body then consists two elevations 
with cleft which the hilum between them. 

Now the commissures Gudden and Meynert are both dorsal com- 
missures. The commissure Gudden called the postero-inferior com- 
missure and actually the optic tract. The commissure Meynert 
postero-superior and outside the tract but accompanies it. 

Meynert narrow bundle coarse well-staining fibres and therefore 
easily demonstrated. lies dorso-medial close the lenticular nucleus. 
has been demonstrated man. But there real evidence that the 
commissure Gudden occurs the human. Its presence denied 
Winkler proof this shows illustration frontal sec- 
tion the brain woman years who had had both eyes removed 
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childhood. The optic nerves, chiasma and tract longer contain any 
medullated fibres; they are completely atrophic. There persists crossing 
fibres the floor the third ventricle. These represent the commissure 
Meynert. But there are none which may homologized with the 
commissure Gudden. Gudden himself demonstrated after removal 
the eyes rabbit. true that Magoun and Ransom (1942) have 
shown that supra-optic commissures occur the cat and monkey, but this 


does not really alter the argument; for, from what has been said above, 
difficult see how the medial root the human optic nerve could 
homologous with Gudden’s commissure. 

One may submit, therefore, that the medial root the human optic 
tract not Gudden’s commissure, that there line demarcation 
between the medial and lateral portion the tract and that there real 
ditterence their termination the lateral geniculate body. Therefore 
since the lateral part the optic tract visual function the medial must 
visual commissure also. 
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LEGENDS FOR PLATE (opposite) 


Fic. section human geniculate body. Stained Weigert-Pal 


Fic. 2.—As fig. nerve fibres from the medial and the lateral 
portions the tract pass into the lateral geniculate body. 


Fic, 3.—Left optic tract, geniculate bodies, etc., viewed from below. 


Fic. view portion fig. Note especially the two elevations formed 
the lateral geniculate with the hilum between them. 
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THE REACTION PASSIVE STRAINING JOINTS (BENDING 
REFLEX) PATIENTS WITH FRONTAL LOBE 


BY 


HENRIK SEYFFARTH 


the frontal lobe result the appearance abnormalities 
postural reflexes. Some these, such the grasp reflex and instinctive 
grasp reaction, and “gegenhalten”, are reactions the manceuvres the 
examiner (Seyffarth and Denny-Brown, 1948). the course our 
investigations reflex grasping become aware unusual responses 
forced passive flexion the wrist-joint. the examiner forcibly flexes the 
wrist the patient there normally results some flexion the elbow, and 
perhaps morg proximal joints, movement which brings the extremity 
and the body into such position that the passive flexion less effective. 
This has all the aspects “evasive reaction.” the investigator 
passively prevents such flexion the elbow the force the active contrac- 
tion the flexor muscles increased. The response obtainable from 
number different joints but the ease its elicitation varies greatly 


different joints. The response greater with passive dorsiflexion the 
fingers than with palmarflexion. passive extension the elbow-joint 
response can obtained only the use great force, whereas passive 
supination can more easily evoke reaction. the shoulder-joint forcible 
abduction necessary. the lower extremities the response normally 


very weak. 

Since the response stereotyped, and particular procedure relation 
the capsule the joint necessary elicit it, have called the response 
the “bending reflex.” Since these responses are characteristically increased 
patients with frontal lesions, and appear related the signs 
Léri (1913) and Mayer (1916), have subjected them systematic 
examination series normal persons, and patients suffering from 
various frontal lesions. 


normal subjects were investigated. The strongest response was 


evoked volar bending (passive palmar flexion the wrist). Radial 


This investigation was begun the Neurological Unit Boston City Hospital, 
during the tenure Rockefeller Fellowship 1947-48 and was completed Oslo, 
Norway, with the assistance 
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bending gavea weaker reaction, and the reflex was still smaller bending 
the wrist the dorsal direction. Very great force was required evoke 


the reflex passive ulnar deviation. bending these various directions 
different groups muscles responded active contraction, but all cases 
the flexors the elbow dominated, that the reflex produced flexion 
that joint 1). 

The characteristic features the reflex normal subjects will 
described relation passive volar flexion the wrist. The reaction 
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evoked bending the other directions will dealt with when speaking 
patients with frontal lesions. 


The Volar Bending Reflex Normai Subjects 


Technique The subject experiment stands sits with arm hanging loosely 
posture supination. The investigator grasps the patient’s metacarpus with 
one both hands and then bends slowly the palmar (volar) direction, while 
the same time pressing the forearm downwards, prevent flexion the 
elbow (fig. 2). This procedure evoked all normal persons certain degree 
reaction associated with discomfort slight pain. the hand bent too rapidly, 
reaction pain develops the same time the bending reaction, 

The reaction more easily evoked the passive flexion applied while the 
elbow semi-flexed position and the forearm supinated. The reason for this 
may that such position the flexors the elbow gain greater leverage 
work with. 


The response consists two phases: 


(a) The first phase contraction the flexors the wrist and elbow, 
which arises when the wrist being bent volar direction beyond the 
maximal position flexion, such extent that there comes slight 
pain the dorsal side the wrist. 


(b) flexion the elbow prevented simultaneous extension 
that joint, the contraction will increase force and extent, embrace 
also the muscles the shoulder and body. the subject the experiment 
standing, will give way the knees and lean his body over the side 
which the examiner stands. 


The secondary spread other muscles will also increase force the 
investigator another person passively extends the elbow, while the volar 
bending still being maintained. This seems show that the spread 
dependent the occurrence passive stretching (extension) the 
muscles that have contracted during the first phase. 


The spread the response cannot induced without the first phase 
having been evoked, and the initial response the elbow must 
maintained continue the spread other muscles. The beginner will 
often fail his attempts elicit the reflex, because, when starting the 
passive extension the elbow, will forget maintain the volar bending 
the wrist which necessary cause the response spread. The fully 
developed “bending reflex” therefore exhibits the interaction two 
separate factors, primary contraction evoked straining the 
and secondary contraction resulting from stretch the muscles activated 


the primary response. this respect the bending reflex resembles the 
grasp reflex, which Seyffarth and Denny-Brown (1948) showed consist 
small primary flexion movement, elicited specific contact stimulus 
(“catching phase”) and strong reinforcement which developed when the 
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contracting flexors were stretched (“holding phase”). the bending reflex 
the primary stimulation must maintained order make the 
secondary effects persist. this respect the bending reflex differs from the 


grasp reflex. 

normal subjects the initial response bending the wrist little 
pronounced that most cases concurrent extension the elbow must 
performed order obtain distinct reaction. patients with frontal 
lesions, however, passive flexion the wrist alone often sufficient elicit 
distinct reaction. 

The fully developed bending reflex exhibits, long the stimuli 
(bending the wrist and passive extension the elbow) are 
persistent contraction the flexors wrist, elbow and shoulder. 
the force stimulus augmented, this tonic contraction will also 
embrace muscles around the shoulder (mainly the adductors) and some 
the muscles the adjoining half the body. The extensors, the 
contrary, are relaxed during the reaction. could easily ascertained 
clinical examination that the triceps was relaxed, fact which was also 
revealed electromyography (in subjects). 

The nature the response entirely suppressed 
greatly reduced the dorsal side the wrist-joint 
experiments). one case the volar side was without 
apparent effect. These experiments, and the fact that the pain accompany- 
ing the reflex confined the dorsal side the wrist, indicate that the 
response reflex arising from stretching the dorsal part the 
capsule the joint. 

The reflex can evoked without traction the tendons the exten- 
sors the fingers. Such traction avoided taking care that the fingers 
are extended during the volar bending. the forced flexion applied 
with fingers flexed (clenched fist), the painful drag the extensor tendons 
will the dominant stimulus and Léri’s reflex will evoked. The dis- 
tinction between the bending reflex and nociceptive reflex will 
discussed later. Here may mention that, pressure applied 
tender spot the arm otherwise healthy subject (for instance, 
tender muscle), there results contraction the elbow flexors, but chiefly 
reaction the form stiffening the muscles the trunk. 
painful stimulus (for example, hard pressure the back the hand 
very forceful passive abduction the fingers) applied together with the 
forced flexion the wrist, such stimulus increases the force the 
bending reflex. 

The volar bending reflex with supported elbow.—The reflex becomes 
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distinctly weaker and less diffused elicited while the elbow sup- 
ported—by being allowed rest the investigator’s hand upon the 
table. Most the subjects experiment also state that they feel less 
pain when the elbow supported than when they stand upright without 
support. When the elbow supported, the response weak that 
most cases the elbow can passively extended without meeting any great 
resistance, even somewhat painful volar bending the wrist main- 
tained (fig. 3). The radial bending reflex, which positive the majority 


subjects when they are standing without support, not normally present 
when the elbow supported, finding which diagnostic importance. 
Neither the dorsal nor the ulnar bending reflex can evoked when the 
elbow supported. 

The diminution response when the elbow supported may attri- 
butable less traction the muscles surrounding the shoulder this 
position. The force the stimulus thereby reduced and diffusion 
the reflex hindered. also possible that the pressure the elbow 
has inhibitory effect the bending reflex (cf. the inhibition the 
grasp reflex pressure against the dorsal side the hand). 

The reflex also takes different course when the patient rests the elbow 
against the table, for the shoulder will then forced forwards towards the 
investigator and the same time will raised. During this movement 
the angle the elbow will become smaller, that the drag the elbow 
flexors will decrease, which will contribute reduce the stimulus the 
holding phase. the “evasion reaction” without support, this pheno- 
menon will lead reduction the stimulus. 
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the bending reflex the power voluntary 
remarkable that the bending reflex the wrist, when fully deve- 
paralyses the subject’s power voluntarily contracting the muscles 
which oppose the response the limb. cannot manage extend the 
elbow-joint and his attempting contraction can palpated 
the triceps muscle. the bending reflex has forced him flex the knees, 
unable rise again long the volar bending maintained. 
This attributable the fact that the reflex will increase force when 
the person attempts rise. positive suppression voluntary movement 
shown electromyographic examination which revealed that exist- 
ing activity the muscles which not participate the reflex (the 
extensors) often disappeared when the bending reflex being evoked. 
Electromyograms also showed that impossible for the subject ex- 
periment voluntarily increase the contraction called forth the bend- 
ing reflex the flexors the wrist and elbow. The restriction voluntary 
move the limb present even the bending reflex weak 
that only faint response obtained. may recalled that our 
earlier electromyographic studies co-ordination (Seyffarth, 1940) 
found that voluntary effort was unable activate the supinator muscles 
when the limb was passively supinated the fullest extent. The present 
finding another example such limitation co-ordination. 


Influence the subject’s shows the frequency 
occurrence the normal volar bending reflex when tested while the sub- 
ject’s elbow resting table. the subject was first asked simply 
there was reaction only the persons tested, whereas 
all them reacted when their attention was diverted during the bending 
stimulus. The diversion the subject’s attention also importance 
for the grasp reflex. These two reflexes are not exactly comparable 
this respect, for the grasp reflex the subject has much better opportu- 
nity evading the stimulus. With the grasp reflex and also the bending 
reflex found that the ability abolish the reaction “relaxing” 
increased with several repetitions the experiment. the force employed 
bending augmented beyond certain limit, the subject seemed 
incapable exerting any influence the bending reflex. 

The importance the subject’s awareness the procedure possibly 
explains why cannot evoke the bending reflex himself when the 
elbow unsupported, even presses hard the back the hand 
that considerable pain occasioned. 


has earlier been mentioned that the bending reflex may reduce 


entirely paralyse the power voluntary contraction. But the voluntary 
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contraction begins before the bending reflex, may restrict the extent 
the reflex. Thus previously contracting the muscles the shoulder 
the volar bending reflex the wrist may prevented from extending 
the shoulder and trunk. 


Il. The Normal Bending Reflex the Other Joints—Mayer’s Reflex 


Apart from Mayer’s reflex (forced passive flexion the metacarpo- 
phalangeal joint), the bending refiexes the other joints are relatively 
weak normal persons. sufficient force applied, however, they can 
evoked the finger-joints, both flexion and extension, the elbow- 
joint extension and the shoulder abduction. Usually the force 
required great that the stimulus becomes far more painful than that 
which necessary for eliciting the volar bending reflex. 

bending reflex produced finger-joint may spread upwards 
the muscles around the wrist and perhaps the elbow—that say, 
corresponding the spread proximal direction which observed 
case the volar bending reflex the wrist. seek elicit the 
bending reflex the fingers will relatively weak, provided the wrist 
kept fixed. If, however, the wrist not fixed will bent backwards, 
and this dorsal bending reflex the wrist will then added the dorsal 
bending reflex the finger-joints. 

the finger reflexes, that which called Mayer’s reflex (Mayer, 1916; 
Mayer and Ostheimer, 1918) decidedly the strongest. discussed 
Kino (1930-1932), Tiefensee (1925) and Markow (1932), Wartenberg 
1945) and several others. Mayer’s opinion the stimulus was derived 
from stress the capsule the metacarpophalangeal joint. 

Mayer’s reflex elicited passive volar flexion the 
3rd, 4th 5th finger, which can best effected pressing with one’s 
own finger upon the dorsum the first phalanx one the 
fingers, while the same time grasping his wrist. positive reaction 
adduction and opposition the carpometacarpal joint the thumb and 
extension the terminal joint the thumb. the passive stimulation 
increased, there develops tonic contraction the wrist and elbow. 
Mayer and Ostheimer (1918) found that the reflex most easily elicited 
flexing the third finger, and that the response progressively weaker 
from the first, second, fourth and fifth fingers, that order. 

The own investigations, both normal persons and patients 
with frontal lesion indicate that the reflex can best evoked passive 
flexion the fourth finger. experiments normal subjects 
found that, passive volar flexion all basal phalanges, the bending 


the fourth basal phalanx also caused most pain. 
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Kino (1932) states that Mayer’s reflex occurs most normal indivi- 
duals. not, however, developed the bending reflex. 
found present certain degree three them, when they were 
asked relax and were aware what was about however, 
their attention was diverted during the examination the reflex appeared 
all the subjects, although cases was very weak. Thus 
reflex some extent dependent the patient’s awareness, but far 
less degree than, for example, the grasp reflex, which the patient has also 
much better opportunity evading. Mayer (1916) assumed that the reflex 
was produced stretch the capsule the metacarpophalangeal joints, 
and would agree with this assumption. Mayer also concluded that 
stretch the tendons was some importance but this does not appear 
necessary. The spread the reflex contraction proximal 
muscles the arm shoulder, called “ein Fluchtoder Aborehrbewegung” 
Mayer and Ostheimer (1918) has all the characteristics the “bending 
reflex” have described. 

Respecting the diagnostic importance reflex 
reflex Kino says: “In the phenomenon the joint-reflex distinguish 
(1) precentral type patient with increased Mayer reflex and 
weakened Léri reflex, (2) central type with reduction both reflexes 
and (3) postcentral type with weakened Mayer and normal Léri reflex.” 

Our clinical experience that the distribution Mayer’s reflex corres- 
ponds the whole that the grasp reflex, but does rot show such 
high correlation does the radial bending reflex. seems, generally 
speaking, little diagnostic value, partly owing the fact that 
present certain extent the great majority normal persons. 
may, however, help diagnosis when compared with the other 
reflexes which are increased case frontal lesions. 


Léri’s Reflex, Its Stimulus and Diagnostic Importance 


(1) 1913 Professor André Léri the medical faculty 
Paris described follows the phenomenon which has been named after 
him: “We request the subject the experiment keep the tested upper 
arm entirely passive and support with our left hand the level the 
wrist and forearm. With our right hand bend his fingers and afterwards 
the hand itself towards the forearm: other words, “roll” the hand 
upon itself. employ little force. then see that the forearm bends 
progressively, under the influence spring elastic traction.” 


Léri also made the interesting observation that this phenomenon the 
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first disappear during narcosis, i.e. sooner than the tendon and 
that the last return—long after the tendon reflexes have reappeared 
—when the patient awakes from the narcosis. 

reflex has later been discussed many authors, for instance, 
Livet, Morel and Puillet (1913), Tiefensee (1925), Kino (1930-32), 
Markow (1932), Ingvar (1948), but have found clear information 
the stimulus that calls forth the phenomenon. 

Our own investigations seem indicate that the stimulus consists 
chiefly stretching the tendons the dorsal aspect the wrist, for 
these are already taut take hold the subject’s fingers and flex them 
the maximum extent into the palm (clenched fist). Thereupon 
proceed relatively small angle volar flexion the wrist before 
Léri’s reflex occurs (fig. phenomenon cannot 


out causing some pain, discomfort, chiefly localized the back the 
hand, and this pain increases with increased stretching the tendons even 
though wrist flexion not maximal. conclude that stretch the 
tendons elicits the reflex response. 

(2) Diagnostic asserts that the lesion which causes the 
reflex disappear must seated the level the fifth cervical segment 
higher, the brain stem the brain, for example case hemi- 


4 
d 


466 HENRIK SEYFFARTH 


plegia, Huntington’s chorea, tumor cerebri, amyotrophic lateral sclerosis. 
further states that the reaction positive all cases functional 
paralysis, which can thereby distinguished from organic paralysis. 
points out that the Léri phenomenon differs from tendon reflexes and other 
reflexes its slowness, its long duration, its progression and its intensity. 
The contraction the elbow flexors can maintained the hand 
forcibly flexed upon itself. 

Our own investigations show that reflex increased case 
frontal lesions. should therefore assigned the frontal reflexes. 
reflex difficult grade because once evoked maximum 
strength sudden strong contraction. Even this contraction pro- 
gresses more slowly than the case tendon reflex, does much 
more rapidly than for the bending reflex more 
than the bending reflex. Increase the response therefore difficult 
assess, and only the non-occurrence the reflex that has been 


regarded being diagnostic importance. 


Tue Benpinc REFLEX LESIONS 


patients with frontal lesions the bending reflex distinctly increased 
all joints. This pathological increase the response best seen the 
wrist. contrast with the normal response there develops distinct reflex 
bending the wrist the radial dorsal direction, even the patient’s 
elbow supported, and without any pain being occasioned thereby. The 
hyperreflexia revealed also the fact that volar bending any the 
metacarpophalangeal interphalangeal joints stimulus. 
some cases vigorous contraction the elbow flexors can produced 
relatively weak bending the extended elbow. contraction the 
adductors the shoulders can likewise obtained maximum abduc- 


tion that joint. the lower extremity contraction the flexors 


the knee will occur maximum supination pronation the ankle. 
Normally, difficult detect any bending reflex the lower extremi- 
ties. 

The pathological bending reflex, for instance the response radial 
bending the wrist, which seen only frontal lesions, arises simul- 
taneously with increase force the normal volar bending reflex. 
The pathological bending reflexes may therefore regarded exten- 
sion the reflexogenous zone the normal bending reflex. The patho- 
logical bending reflex is, however, many cases strong that some 
additional explanation seems necessary. 


BENDING REFLEX WITH FRONTAL LOBE LESIONS 


The Radial Bending Reflex 


This the clinically most important the bending reflexes and 
seems show disproportionately great increase force, while the ulnar 
bending reflex, for example, very weak even frontal lesions. para- 
sagittal frontal lesions, the general region area Brodmann, the 


radial bending reflex distinctly present, even the patient’s elbow 


supported, whereas never found normal persons (see Table 
I). these cases very little force needed, and most instances the 
reaction can elicited without causing pain. This seems indicate that 
not painful impulses that represent the primary stimulus for the 
bending reflex. 


(1) radial bending reflex the wrist most easily 
evoked grasping the patient’s hand the same way when greeting 
with handshake. this manner, however, the grasp reflex, which also 
tends increased these patients, may also elicited. therefore 
important grip the whole the patient’s hand, including the thumb, 
using our right hand for bending the patient’s left wrist and our left hand 
for the patient’s right wrist (fig. 5). 


} 


(2) radial bending reflex can evoked almost equally 
effectively bending only the thumb radial direction. This seems 
indicate that the stimulus arises through traction all the small carpal 
joints. Local the ulnar side the wrist (in one patient) 
had very little effect the response, but this case the 
injected was able infiltrate only the most ulnar the many small joints. 

The radial bending reflex less effective the four ulnar fingers are 
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forcefully displaced than when the thumb alone bent. This goes 
show that bending the radial part the wrist the most 
clasp the patient’s forearm and effect radial bending the wrist 
pressing the ulnar side his hand against table, reaction develops. 
This difficult explain. possible, however, that the examiner’s 
clasp around the forearm has inhibitory effect. 
(3) Gradation the radial bending reflex.—The response the radial 
bending reflex involves all the the forearm, well 
flexors the upper arm. patients with lesion affecting the precentral 
region the cortex cerebri the resistance during the fully developed 
response great that impossible for the investigator extend the 
patient’s elbow the volar bending maintained. This resistance 
can taken measure the force the bending reflex. The response 
may classified three degrees, being assumed that the 
elbow supported. 


passive stretching the elbow, the volar bending maintained. 

(+) and ++: When the elbow kept flexed position 
bending the wrist alone will evoke visible 
especially the radial group muscles the forearm. then 
passively extend the elbow-joint note strong resistance, persisting 
until complete extension the elbow has been attained. 

+++: Even the patient’s arm extended position 
the elbow, radial bending the wrist will call forth the elbow flexors 
contraction which easily visible and some extent raises the forearm 
from the underlying surface. With bending reflex this strength 
impossible for the examiner passively move the patient’s arm from 
flexed extended position the elbow, long the volar bending 
maintained. such patients the bending reflex can also easily evoked 
the finger-joints. 

When the radial bending reflex greatly increased, passive extension 
the elbow evokes stronger flexion response the elbow. Thus 
bending the wrist there occurs contraction the elbow flexors, which 
prevents full passive extension that joint the examiner. forced 
passive abduction the shoulder-joint such patients contraction 
the adductors occurs. Likewise distinct tonic contraction the flexors 
the knee can provoked passive inversion the foot. The patho- 
logical nature such reflex response shown the fact that with 
unilateral lesions occurs only the same side does the grasp reflex 
and the radial bending reflex, whereas absent the other side. 
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(+) Importance the patient’s awareness for the radial bending reflex. 
—The patient’s awareness the proceedings seems little import- 
ance. Thus was usual find that the bending reflex elicited several 
times succession, will the same force every time. ask the 
patient deliberately relax, find that this has distinct influence 
the response. 

earlier mentioned, investigation the normal bending reflex 
showed that this reflex, like the grasp reflex, diminishes strength 
conscious relaxation. 

The lesser effect voluntary inhibition against the radial bending 
reflex suggests that the patient has less opportunity evading the 
stimulus. 


(5) radial bending reflex can evoked semi- 
comatose patients with severe hemiparesis, and then the reaction appears 
only the paretic and not the healthy side. This shows that the 
reaction not directly related the intensity any painful element 
stimulus. pinch other painful stimulus the forearm does not 
suffice replace the bending the wrist stimulus for eliciting the 
bending reflex. 


(6) comparison between the extension the radial bending and 
the grasp matter has been investigated 105 patients 
diagnostic groups: Traumatic cerebral lesions (7), cardiovascular lesions 
(18), intoxications (10), cortical atrophy (10), lesions the basal ganglia 
chronic encephalitis (7). The results the investigation were: 

None the reflexes positive: cases. 

Grasp reflex alone: patients. 

Radial bending reflex alone: patients. 

Positive bending and grasp reflexes: patients. 

Bending reflex and grasp reflex occurred together cases. The 
bending reflex was strongest the opposite side cases. 
these cases the bending reflex was strongest the same side the 
grasp reflex, but there was relatively poor correlation between the two 
reflexes regards their degree development. cases showed good 
correlation between the two reflexes. 


(7) Relation between the radial bending reflex and the grasp reflex.— 
These responses have many features common. Both reflexes are in- 
creased case frontal lesions. Both them are evoked through the 
action “trigger mechanism.” Both can voluntarily avoided, the 
grasp reflex more easily than the bending reflex. The grasp reflex and 
some degree the bending reflex are lessened, possibly inhibited, 
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pressure the forearm. The two reflexes may elicited the same 
time without affecting each other any material extent. 

There are also certain points difference between the two reflexes. The 
grasp reflex may very well superimposed upon voluntary contraction, 
whereas the bending reflex seems abolish the power voluntary con- 
traction. 

Our investigations the grasp reflex (1948) showed that, when the 
reflex was fully developed, the reaction could maintained traction 


alone. order maintain the bending reflex, however, one must all the 


time take care maintain the bending the primary joint. 

The grasp reflex can elicited even newborn This fact has 
been verified our own investigations nurslings, practically all 
whom the grasp reflex was found positive. The bending reflex, 
the contrary, does not appear before the child from years old 
(Fjeldal, private communication). Kino (1932) and others found that 
Mayer’s and Léri’s reflexes did not occur earlier than the age 
years. 

has previously been mentioned that some cases the bending reflex 
may occur the side opposite that which the grasp reflex appears, 
and certain number cases the degree development the two 
reflexes different. must therefore assumed that the bending reflex 
and the grasp reflex are two quite independent reflexes. 


(8) Relation between the radial bending reflex and other 
Like the grasp reflex, the degree development the bending reflex 
inversely related the degree exaggeration tendon reflexes and other 
pyramidal signs. The full development the bending reflex and pyramidal 
signs appears incompatible. capsular hemiplegia the bending 
reflex, like the grasp reflex, often enhanced the healthy side. 

has already been mentioned that when the bending reflex response 
occurs the triceps found relaxed. This the opposite what 
should expect find the bending reflex had any relation the “Stiitz- 
reaktion,” was supposed Tiefensee (1925) and others. The other 
postural reflexes seem bear relation the bending reflex, and here 
the same reasons can advanced the case the 
(Seyffarth and Denny-Brown, 1948; Denny-Brown, 1950). 


The bending reflex does not appear simple nociceptive flexion. 


rasp reflex 


o 
o 


certainly associated with the production pain, and inhibits volun- 
tary counter movement the same manner other kinds pain. Pain 
produced means other than forced flexion joint does not produce 
the same response the bending and for the bending reflex itself 
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the direction joint strain has special importance, regardless the 
degree pain produced. Finally, conditions when the response 
enhanced can produced without associated pain. These considera- 
tions indicate that the efferent stimulus arises very specialized type 
receptor the capsules the joints. The normal absence the re- 
sponse the lower limb further indicates special functional significance. 


(9) The diagnostic value the radial bending reflex and other frontal 
the patient’s elbow supported, distinct radial bending 
reflex the wrist can elicited only patients with lesion the 
frontal lobe. local diagnostic sign the radial bending reflex has the 
same value the grasp reflex, both being most strongly developed 
result lesions affecting the parasagittal portion the frontal lobe, 
the approximate location areas and Brodmann. 

practice the radial bending has proved very useful diagnostic 
sign, for very little affected the patient’s mental attitude the 
investigation and therefore especially valuable when the state 
mind renders difficult form judgment respecting the grasp reflex. 

have not been able find these frontal reflexes patients with 
lesions seated below the capsula interna. Thus have evidence 
the presence reflex centre the cervical part the spinal cord, such 
was assumed exist for the Léri reflex André for the grasp 
reflex Walshe. the comparatively rare “superficial” frontal lobe 
lesions, especially when including the precentral cortex, the frontal reflexes 
are increased the opposite (hemiplegic) side the lesion. 


frequently seen “deeper” lesions affecting the internal capsule the frontal 


reflexes are absent the heterolateral (hemiplegic) side, but are aug- 
mented the homolateral “healthy” side. 


Instinctive Grasp supported supported 
veflex veflex elbow elbow 
Sex Div.** Div. Rel. Rel. Div. 
(+) 
Div. Diversion patient’ 


Ut 
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(1) Forced passive palmar flexion the wrist-joint elicits reflex con- 
traction the flexors the elbow normal subjects (“the bending 


(2) Forced extension the elbow during the phase active flexion 


the elbow reinforces the response and causes spread the muscles 
the shoulder. 


(3) The effective stimulus for this response related the capsule 
the wrist-joint. 

(+) result frontal lesions, especially parasagittal precentral 
lesions, this response greatly enhanced, being obtained mild passive 
radial deviation the wrist less than painful degree (“the radial 
bending 

(5) The response specific, not being produced painful stimulation 
structures other than joints. 

(6) The relation the “bending reflex” the signs Mayer and Léri, 
and their relative diagnostic value, are discussed. 
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CERTAIN CLOSED HEAD INJURIES 
THE PATHOLOGICAL BASIS THE “POST-TRAUMATIC 
SYNDROME”! 


ADAMS McCONNELL 


Many patients after apparent recovery from closed head injury com- 
plain headache, giddiness and various mental disturbances. This 
complex symptoms constitutes what has been called the “post-traumatic 
syndrome.” The terms “post-contusional state” and “post-concussional 
state” frequently used are not satisfactory because this combination 
symptoms can develop patients who never had contusion concussion. 
The more vague and non-committal term “post-traumatic state” now 
common use. 


During the last war large numbers patients this state were sub- 


jected intensive investigation. Symonds (1942) presented the results 
neurological examination over one thousand cases. pointed out how 
often the patient’s complaints were purely subjective, and how seldom 
physical signs were found. Lewis (1942) discussed the problem these 
patients from the psychiatrist’s point view, and agreed with Symonds 
that was impossible distinguish between physiogenic and psychogenic 
factors any given case. Similar opinions were expressed Ross and 
McNaughton (1944) study patients with chronic post-traumatic 
complaints, and Brenner, Friedman, Meritt and Denny-Brown (1944). 
The latter made survey 200 cases post-traumatic headache and 
reported the results obtained team investigators consisting neuro- 
logists, psychiatrists, psychometrist, electroencephalographer and social 
worker. Intensive enquiries were made regarding the patient’s pre-trau- 
matic personality, his social environment, his economic status 
attitude litigation loss employment. (1942) regarded 
those who had head injury “potential neurotics” and expressed 
doubt the validity all post-traumatic headache. Cairns (1942) 
regarded the post-traumatic syndrome organic with emotional and 
psychoneurotic factors. 

The general conclusion reached all these observers was, that the 


From the Richmond Hospital, Dublin, Ireland. 
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patient who complained headache, with without the other compo- 
nents the post-traumatic syndrome, had structural damage the brain 
some sort neurosis, both. was the general opinion also that the 


pre-traumatic personality the patient required much investigation 
did the extent and persistence cerebral damage (Lewis, 
ment, outlined Symonds, consisted explanation, reassurance, re- 
moval fears insanity, encouragement make the best things, 


psychotherapy and rehabilitation. 


There are some reasons for rejecting the “neurotic” hypothesis complete 
explanation the post-traumatic syndrome. Whatever the personality and 
logical make the patient, constant basic pattern can discerned the 
syndrome. This pattern has been recognized and described all observers and 
every textbook: headache, dizziness, inability concentrate, faulty 
basic pattern may masked the patient’s reaction these 
symptoms. One patient reacts his headache emotionally, has reacted 
pain all his life; another reacts his lack concentration faulty memory with 
anxiety about his work fears about his sanity; another just puts with his 
symptoms some people put with all express themselves according 
their command imagery. each case the doctor has penetrate the mist 
caused the patient’s reaction his symptoms before can find out what the 
symptoms really are, before can discover their basic pattern. the symptoms 
themselves were psychogenic one would expect many groups symptoms 


there are patients: there would basic pattern. 


There are also objections the hypothesis that structural damage the brain 
the root the post-traumatic syndrome: the syndrome often follows head 
injuries which there has not been concussion any indication whatever brain 
damage: often absent after demonstrable brain damage; not that 
traumatic psychosis. there were structural brain damage unlikely that this 
would uniform produce such uniform clinical pattern. 


damage 


noteworthy that all the papers and discussions assumed 
that the only pathological process inside the skull that the brain 
itself. Now generally accepted principle that the study any 
organism must include study its environment; that the organism, its 


environment and their function constitute indivisible unity. cannot 
otherwise with the brain. The brain, its environment and their com- 


bined reaction injury must considered whole. short, lack 
knowledge the total intracranial state makes impossible full knowledge 


any part it. 


cases the post-traumatic syndrome has been customary infer 


the state the brain from neurological examination, the findings 


electroencephalography and incomplete air studies. The only attempts 


demonstrate changes the immediate environment the brain these 


cases appear those made the writer (McConnell, 1941, 


results further attempts are presented this paper. 
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Many years ago found that exploration through burr-holes the 
skull could yield information about the intracranial state which could not 
obtained any other means. began, therefore, make bilateral 
openings the skulls patients who were not getting well, any stage, 
after closed head injuries: patients whose survival seemed assured but 


about whose complete recovery there was some doubt. This paper refers, 
particular, the conditions found consecutive cases classifiable 
under “post-traumatic syndrome.” the patients complained only 
headache, headache and giddiness, and complained headache, 
giddiness and some measure mental disability, such faulty memory, 
inability concentrate and nervousness. Many were depressed morose, 
and were definitely “neurotic.” were compensation cases with litiga- 


tion pending. 


The conditions found exploration appear Table 


Subdural 
Swollen brain 


Swollen brain and impaction cerebrospinal fluid posterior 


fossa 
External hydrocephalus 


Total 


all but cases pathological condition was demonstrated, and 
out the cases was possible remove the offending lesion. 


Apart from the cases which abnormality was not found, the 
one feature common all these cases operation was definite elevation 
intracranial pressure. The brain appeared tight, with little pulsa- 
tion, and when fluid was found escaped under pressure 
When the fluid, blood, was released the whole appearance the intra- 
cranial state changed. The brain retreated and its pulsations became full 


and free. 
spite the unmistakable pressure demonstrated operation, the 
pressure cerebrospinal fluid lumbar puncture was never increased. 


Papilloedema was absent, and only cases had there been occasional 


attacks vomiting. 

When accumulation fluid was found the subdural space the 
results its removal were uniformly good, even when the symptoms had 
persisted for years. Sometimes the headache disappeared few hours 
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and sometimes the operating table. One the “compensation” patients 
was not relieved. The giddiness and the mental symptoms usually dis- 
appeared with the headache. patients after initial relief had recur- 
rence symptoms week more after operation. The wounds were 
reopened and further accumulation fluid was found. 3.of these 
cases was necessary reopen the wounds twice and cases, three 


times before relief was obtained. 

sharp contradistinction the early relief symptoms produced 
the removal fluid from the subdural space, was the acute reaction 
with increase symptoms the cases with excessive amounts fluid 
the subarachnoid space, the cases external hydrocephalus. operation 
the arachnoid membrane bulged tensely and without pulsation into the 
opening and fluid was not found when instrument was passed into the 
subdural space. The arachnoid membrane was then punctured, cerebro- 
spinal fluid escaped, and all tension subsided. These patients developed 
intense puncture” headache. the end week ten 
days, however, discomfort disappeared and the former headache did not 
return. 


NATURE THE FLUID THE SUBDURAL SPACE 

When this fluid examined within few hours after the injury 
days, weeks months after the injury, has all the characteristics 
cerebrospinal fluid which has been cut off from the normal cerebrospinal 
fluid circulation. practically identical with the cerebrospinal fluid 
which found below complete block the spinal canal. 

Table shows the protein content the fluid typical cases com- 
pared with that the cerebrospinal fluid obtained the same time 
lumbar puncture. 


Protein content Mgm. per 100 c.c.m. 
Spinal 
Cerebrospinal fluid Subdural fluid 
280 
720 
170 
400 
2,200 


The weight evidence suggests that cerebrospinal fluid cannot 
absorbed anywhere except from the subarachnoid space over the convexity 
the brain. The subdural space contains fluid its own. There must, 
therefore, mechanism for the secretion and absorption that fluid, 
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but that fluid not cerebrospinal fluid. when cerebrospinal fluid gets 
into the subdural space stays there just stays muscle under 
the skin. 

The cerebrospinal fluid gets into the subdural space through rupture 
the arachnoid membrane. Such rupture has been demonstrated 
Costa and Adson (1941), and have seen the fluid welling the 
region the basal cisterns. The whole condition, therefore, accumu- 
lation cerebrospinal fluid the subdural space. 

The fact that there hole the arachnoid membrane, and the fact 
that there accumulation fluid the subdural space can demon- 
strated pneumoencephalography. 

these cases the accepted routine air encephalography was 
carried out. Lumbar puncture was performed with the patient sitting up, 
and the cerebrospinal fluid was removed was replaced air, until 
more fluid could obtained. X-ray pictures the head the erect 
position were then taken. About twenty-four hours later further pictures 
were taken the same position. 

Pictures typical finding are shown figs. and 


Fic. immediately after the spinal insufflation air. 
diffusely distributed subarachnoid space. 
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Fic. 2.—Radiographic appearance same case twenty-four hours later. Most 
the air has accumulated the subdural space and reveals definite fluid level. 


This appearance the second-day encephalogram pathognomonic 
sign leakage cerebrospinal fluid into the subdural space (McConnell 
1951). out the cases this sign was positive, and the presence 
fluid the subdural space was verified operation. 

spite the striking and characteristic demonstration obtained 
encephalography, experience has confirmed the opinion, expressed over ten 
years ago, that air encephalography more traumatic method 
nosis than the making twin burr-holes. the clinical state patient 
justifies encephalography justifies operation. Moreover, encephalo- 
graphy gives positive evidence, burr-holes must made (Wycis, 1945). 
If, however, encephalography has been performed any patient, for any 
reason, pictures taken twenty-four hours later may reveal conditions not 
noticeable the first set films. 


Every doctor, especially every insurance doctor, knows that patients 
exhibiting the post-traumatic syndrome may complaining for years. 
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leakage cerebrospinal fluid the chief pathological lesion these 
cases should possible recognize this lesion early stage the 
illness. That early recognition possible shown Lanigan (1944) who 
reported cases which the fluid was found within few hours after the 
injury. 

Included Table are many cases which the fluid was found 
within few days. This table sets forth the findings patients submitted 
burr-hole exploration solely because prolonged post-traumatic amnesia 
and continuing confusion. Exploration was advised whenever the state 
confusion persisted the same level for more than forty-eight hours. 


III 


Accumulation yellow fluid the subdural space. Brain pulse- 

Subdural 
Subdural hematoma one fluid 


Swollen brain only 
External drocephalus one side, subdural other side 


abnormality found 


Included Table are many patients who did not begin complain 
headache, other disabilities, for weeks months after apparently 
complete recovery from the injury. most these there was long 
interval between the onset symptoms and full examination. 

Full examination includes the making burr-holes. the Richmond 
hospital, for over twenty years, burr-hole has been regarded 
essential diagnostic procedure the order lumbar puncture. Experience 


has shown that safer and more informative method diagnosis 


post-traumatic cases. 
Full examination traumatic cases not always necessary. 


patient making satisfactory progress there reason interfere with 
him. If, however, there definite pause recovery, recrudescence 
symptoms the development symptoms after interval, the cause 
should sought the earliest possible moment. 

The technique burr-hole exploration these traumatic cases has 
been described previous papers, but there are some points which require 
emphasis. quite possible make bilateral burr-holes and overlook 
the presence large quantities fluid the subdural space. When the 
dura opened the brain may bulge into the opening and give the 
impression cerebral cedema congestion. nothing more done the 
diagnosis swollen brain “unresolved contusion” may made. 
When, however, Adson’s raspatory slipped under the dura and the 
protruding brain gently depressed, fluid begins well even spurt 
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out. may necessary pass the instrument several directions 
before the fluid found. The proof that the fluid causing the brain 
protrude lies the fact that its cscape the brain subsides and 
pulsate freely. 

Burr-holes should made only surgeon with neurosurgical 
experience, and one equipped deal with the unexpected this region. 
solid may swollen brain may rupture and bleed; 
glioma other tumour may present, the injury being merely 
incidental provocative; abnormal vessels may encountered; many 
problems interpretation may arise. state chronic elevation 
intracranial tension may due any multitude lesions. 


SUMMARY 
The pathological basis the post-traumatic syndrome state 
chronic elevation intracranial pressure, due, over per cent 
patients, leakage cerebrospinal fluid into the subdural space. 
This fluid accumulation can demonstrated 


encephalogram, and removed through burr-holes the skull. 


The general conclusion reached this paper, namely, that the patho- 
logical basis the post-traumatic syndrome chronic elevation 
intracranial pressure, precisely the conclusion reached Trotter nearly 
thirty years ago (Trotter, 1924), Trotter thought that this elevation 


pressure was due swollen brain, “unresolved contusion.” have 


shown that usually due accumulation cerebrospinal fluid 
the subdural space. Table however, shows that swollen brain and 
other lesions can also responsible. words, they can all 
cause “an indefinitely persisting but variable elevation the intracranial 
pressure.” (Trotter, 1930.) 

That unresolved contusion not the usual cause raised intra- 
cranial pressure suggested the following observations 

swollen brain without any other abnormality has been found 
cases only out 75. 

release the fluid the subdural space the brain constantly 
retreats and begins pulsate fully and freely, immediately. the brain 
were swollen unlikely that would become smaller under one’s eyes. 

Air encephalography, addition demonstrating fluid the 
subdural space, constantly shows that the brain not swollen; many 


cases appears smaller than normal. 
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The early disappearance all symptoms suggests that there 
residual lesion the brain. 

observation made Trotter suggests that may have interpreted 
some appearances operation evidence swelling the brain itself, 
when fact the brain was not swollen. Trotter wrote: cases where 
the headache has followed injury causing concussion, the brain 
and exudes undue amount fluid when exposed.” This 
exactly what things may look like before instrument introduced 
under the dura depress the protruding brain and release the fluid. 
The brain appears swollen, simply because pushed into the 
opening the accumulated fluid, and appears because some 
fluid keeps welling around the protrusion. 

The real difference between Trotter’s view the situation and mine 
can expressed crude analogy. Trotter holds that the shoe feels 
tight because the foot swollen. hold that the shoe feels tight because 
the sock too thick. Both agree that tightness all. Trotter unlaces the 
shoe, remove the sock. The shoe longer tight. 

Whatever interpretation Trotter put his findings operation the 
essential thing remember that Trotter did operate. 
traumatic headache was persisting spite conservative treatment, 
advised subtemporal decompression. This operation would 
inevitably allow any fluid the subdural space escape. 

far can discover, doctrine the pathology the 
post-traumatic syndrome has never been submitted other than academic 
criticism. Jefferson (1942) wrote, “Attractive the ‘unresolved contusion’ 
Trotter was, seems unlikely survive critical scrutiny either 
entity itself or, follows, cause persistent pain.” 

Many have paid tribute Trotter for rescuing patients with the 
post-traumatic syndrome from the “dumping-ground 
neurasthenia,” but few have carried out the treatment which Trotter 
advised. There record any attempt confirm refute his opera- 
tive observations. References the publications mentioned the beginning 
this paper will show that these patients are practically the same 
position today they were before Trotter wrote; the term “traumatic 
neurasthenia” being simply replaced more modern terms meaning the 
same thing. 

The operative findings presented above show that the actual conditions 
present were unlikely benefited any form psychotherapy. 
such therapy, while leaving the pathological state unchanged, appears 
many cases have made the patient worse. stated the history 
many these patients that headache was the first complaint and, for 

considerable time, the only complaint. the patient passed from 
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doctor doctor the neurotic symptons appeared and gradually 
into the full-fledged post-traumatic syndrome. 

short, patient knows that has headache and cannot get 
anyone believe him wonder that becomes miserable. Nothing 
could worse for such patient than lengthy interviews with psychiatrists, 
patronizing talks from social workers and the forced labour physio- 
therapy. 

comes about that such patients are given full examination the 
beginning, insurance companies and the State will save immense amount 
money, and the patient will keep his self-respect. 

The neurologist and the psychiatrist work the dark they not 
know what conditions exist inside patient’s head after head injury. The 
neurosurgeon alone can tell them, but only looks. the present 
the only thing has looked for When fluid was found 
instead the expected hemorrhage, happened many occasions, the 
surgeon thought that had made mistake, and kept silent, reported 
the finding rarity under the title “hydroma,” Wycis (1945) 
rightly points out. 

The state the patient from the post-traumatic syndrome 
not one which invites complacency. the making burr-hole, the 
simplest operation neurosurgery, were relieve only per cent 
patients, instead the per cent reported this paper, would still 
worth trying. 

The whole matter one fact, not opinion. William Harvey once 


said, “Our first duty enquire whether the thing not. before 


asking wherefore is.” 
ILLUSTRATIVE CASES 

Case 1.—S.A., Schoolboy, aged 13, got blow head when playing football. 
hardly noticed the blow and went with the game without the slightest 
pause. Five days later began complain headache; became listless; 
would not play games; said could not take what read. Medical examina- 
tion gave negative results. psychiatrist could not find any reason for his apathy 
headache. left the psychiatrist’s house said his mother, “It was all 
very interesting, but still got the headache.” The headache was constant with 
exacerbations. 

the end two months burr-hole was made the right temporal region. 
When the dura was opened there was free flow clear fluid, and the brain, 
pulseless first, bezan pulsate freely. The headache was somewhat relieved 
for three days, but after eleven days was nearly bad ever. opening 
was made the other side the skull and the same state affairs found 
the first operation. Relief was immediate, and the boy returned with vigour 
his games and with interest all his lessons. That was six years ago and all 
well since. 

Other schoolboys have been found have the same lesion after trivial 
injuries. one case epileptic attack, ten hours afterwards, was the first 
indication that blow cricket ball had done any harm. 
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The were “compensation” cases with litigation pending. 


The next case reported some length because illustrates some 
the problems involved. 


Case 2.—D. E., barman, aged 25. November 11, 1949, knocked down car. 
Inaccessible two hours. Amnesia twelve hours. Good recovery. Discharged from 
hospital November 25, 1949. Returned work February 1950. For three 
months had occasional slight headache, tinnitus left ear and dizziness. May 
1950 headache became very severe times but continued work. During 
that summer were “rushed” work became confused and gave wrong 
change. Headache was sometimes accompanied vomiting. became de- 
pressed and anxious. Dr. Eustace, the psychiatrist whom was sent, 
advised neurosurgical investigation. The patient, his solicitor and the insurance 
company gave permission for full examination. 

February 14, 1951: General medical and neurological examination failed 
reveal any abnormality. E.E.G. was normal. Lumbar puncture pressure, 110 mm. 
normal constituents, protein mg. per 100 c.c. 

February 22, 1951: Pneumoencephalography: 120 c.c. replaced 
same amount air lumbar route. Pictures taken immediately showed normal 
distribution air (fig. 1). 

February 23: Re-examination. Films showed large accumulation air 
the subdural space both sides, with definite fluid level (fig. 2). 

February 24: Bilateral burr-holes cm, diameter, and cm. from sagittal 
plane, just front the coronal suture. When the dura was exposed the 
left side was picked with fine dural hook and hypodermic needle was 
inserted through it. aspiration c.c. turbid yellow fluid obtained and sent 
for The dura was then opened and there was free flow fluid, 100 
were collected, but considerable amount escaped measurement. The brain, 
with arachnoid intact, lay about cm. below dural level and began pulsate 
freely after removal the fluid. When the patient coughed more fluid was 
expelled, and still more when the head the table was lowered. The dura 
the right side was then opened, smaller amount fluid escaped. The brain 
was below dural level and pulsated freely. Protein content the fluid was 
mg. per 100 cc. The headache was “much for some days, 
but became worse the end week March the wounds were re-opened. 
the left side the brain was dural level but did not pulsate freely. Adson’s 

raspatory was passed under the dura and the head the table lowered. About 150 c.c. 
fluid flowed out. the right side the brain lay nearly below the dura and 
showed free pulsation. After this procedure the headache disappeared the course 
ten days, and the patient has remained well the present. acknowledged 
complete freedom from pain before compensation was settled. 


the following there was long interval between recovery from 
concussion and the onset symptoms. 


Case 3.— K., man, aged 30, Car accident. Unconscious about thirty minutes. 
Dazed and dizzy for some days, then apparently complete recovery and return 
work within month. 

Ten weeks after the accident became irritable and unreasonable, 
behaviour became erratic that domestic peace was seriously threatened. One day, 
fourteen weeks after the accident, suddenly felt dizzy and had complete 
out” about fifteen minutes. When became conscious had frequent 
attacks agonizing headache, dizziness and vomiting. Lumbar puncture withdrew 
normal fluid normal pressure. These attacks recurred nearly every day for the 
next five weeks, the end which the patient was dehydrated from vomiting, and 
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muddled large doses veganin and morphia. Neurological examination was 
negative except for questionable clumsiness his right and and slight inco- 
ordination that hand during the finger-nose E.E.G. normal, 

Just four months and two weeks after the accident burr-hole was made the 
left parietal area. tight pulseless brain protruded into the dural opening. When 
was disengaged over fluid poured out the subdural opening. 
Headache disappe: ared itely and within half hour the patient 
bacon and eggs which devoured with relish. Convalescence was rapid and recovery 
complete. 


Case W., woman, aged Motor accident, Concussion. Amnesia about 
half hour. Few days later began complain headache and dizziness with 
frequent nausea and vomiting These symptoms continued unabated for ten months. 
Patient became very morose and dejected. Neurological examination negative. 

Lumbar puncture: pressure mm. C.S.F., protein content mg. per cent 
100 

Operation.—Bi-coronal burr-holes. Fluid escaped when dura was opened. Brain 
retracted and pulseless first, then pulsated freely and rose dural level. Protein 
content fluid was 170 mg. per 100 c.c. Complete relief within twelve hours. Three 
months later the patient reported that she had remained perfectly well. 

Case 5.—N. F., aged car which crashed. Hit 
head against wind-screen. Not dizzy, amnesia. Drove own lorry home. From 
that time had headache nearly every day. One week later, slight nausea. Four 
months later, onset giddy attacks lasting few minutes. Headache “bad enough 
have something done for 

Neurological examination negative. normal. 

Subdural accumulation yellow fluid both 
sides, over collected, more escaped. Brain Jay cm. below dural and did 
not pulsate until fluid had begun escape. Protein content, 1,200 mg. per 100 
Result complete and lasting relief. 


Many patients with the same sort history have come operation 


three four years after the accident. 
Other relevant case-reports appear the paper published 
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SUBDURAL AIR AFTER PNEUMOENCEPHALOGRAPHY! 
BY 


ADAMS McCONNELL 


For more than twenty years procedure designed reveal patho- 
logical condition has been blamed for causing the condition which 
revealed. Subdural air after encephalography has been, and still is, 
attributed tearing the arachnoid membrane the encephalographic 
procedure itself (Lemere and Barnacle, 1936; von Storch and Buermann, 
1939; Grinker and Bucy, and Dyke, 1951). 

Observations made this hospital suggest that the arachnoid torn 
the time injury and the hole still there the time encephalo- 
graphy. the meantime, the hole has done what every hole the 
arachnoid must do, has admitted cerebrospinal fluid into the subdural 
space. revealing the hole and the fluid encephalography has simply 
been the detective, not the criminal. 

The observations which led this conclusion are follows: patients 
suffering disturbances have subjected 
encephalography. Encephalograms were taken immediately after the spinal 
insufflation air, and further encephalograms were taken twenty-four 
hours later. The results are presented Table 

TABLE 


cases subdural air set pictures Subdural second set 


When subdural air appeared the first set pictures was present 
the second set, and much more clearly defined. The second-day picture, 
therefore, essential for the demonstration subdural air. 
When subdural air was present usually revealed “fluid 


the majority cases this level was clear-cut and unmistakable sign 


fluid. few cases the line was indefinite and vague, even perfect films. 

Whenever subdural air was present burr-holes were made. one case 
with very small amount air and very questionable fluid level nothing 
abnormal was discovered. one case with definite fluid level the findings 
were also negative. the remaining cases accumulation fluid 


was found the subdural space. 


the Richmond Hospital, Dublin 
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The amount fluid varied within wide limits, from less than c.c. 
several hundred c.c. When was possible analyse this fluid and compare 
with the cerebrospinal fluid removed lumbar puncture the same 
time, the analysis suggested that the subdural fluid was cerebrospinal fluid 
which had been retained the subdural space for considerable time 
before the encephalography. 

The fact that the first-day encephalograms were often normal while 
those the second day revealed subdural air, shows that usually took 
the air several hours collect the subdural space. This implies that the 
opening the arachnoid membrane was small that the air could traverse 
but slowly, bubble bubble. The fact that the cerebrospinal fluid col- 
lects all the subdural space points small opening with one-way 
(Peet, 1940; Costa and Adson, 1941; and many others). Large 
openings the arachnoid membrane are made every day the course 
cerebral operations and fluid does not accumulate the subdural space: 
its exit free entrance. 

summary. Subdural air with “fluid level” the second day 
encephalogram sign that cerebrospinal fluid has leaked into the sub- 


dural space and has been retained there. 


REVIEW THE LITERATURE SUBDURAL AIR 
Incidence subdural air, and the type case which found. 
Some writers have reported their findings terms the number 

patients, others terms the number encephalograms. Table 

the figures given Penfield and Norcross (1936) are compared with those 


from this hospital. 


TABLE 
Total 
Subdural Air percentage 
Author No. cases Type case day 2nd day incidence 
Penfield and 


Table III the percentage given according the number 


encephalograms, not patients. 


TABLE III 


No. day (2nd day pic- 
Author encephalograms Type case not taken) incidence 
Lemere and 800 Psychopathic 160 
Barnacle (1936) (632 patients) 
von Storch and 400 Miscellaneous 8-7 


Buermann (1939) Cranial injury 
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Von Storch and Buermann specifically excluded, diagnostic 
significance, cases, because air had appeared only pictures taken 
twenty-four hours after encephalography: air was marked absent because 
was late. 

With regard the cases “cranial injury” included their figures 
these authors wrote, “Although subdural air when occurs, found most 
frequently cases post-traumatic disturbances not frequent find- 
ing the post-traumatic group whole, occurring not more than 
per cent the total number This per cent incidence first- 
day pictures suggests that there would have been very high total 
incidence second-day pictures had been taken. The first-day incidence 
shown Table was only per cent. 

The words “psychopathic” and “miscellaneous” Table III suggest 
that subdural air has been found many non-traumatic cases. not 
easy, however, exclude antecedent trauma any case, particularly 
the psychopathic the epileptic. Moreover, head injury, especially 
trivial, not always remembered the patient his relatives: 
notorious how often injury denied patients who harbour subdural 

The diagnosis the patients examined Lemere and Barnacle 
“post-traumatic psychosis,” but not stated how many patients, 
classified, subdural air appeared. Trauma permeates the whole subject 
subdural air that there certain reluctance affirm its absence any 
case. clear. however, that subdural air has been found much more 
frequently traumatic cases than those labelled 


Mode entry air into the subdural Storch and 
Buermann showed that was possible for air introduced into the spinal 
subdural space reach the cranial subdural space. They believe, 
common with all other writers, that air injected into the subarachnoid 
space enters the subdural space through tear the arachnoid membrane. 

Lemere and Barnacle attributed the tear forcible manipulation 
the head the attempt withdraw large quantities cerebrospinal 
fluid. Penfield and Norcross thought that antecedent injury had 
produced adhesions between the dura and the arachnoid, and that the drag 
these adhesions tore the arachnoid during the withdrawal cerebro- 
spinal fluid. von Storch and Buermann agreed with this explanation. They 
suggested also that the antecedent injury could have caused “superficial 
pathologic process” the arachnoid membrane which would make that 
membrane liable tear during the procedure encephalography. 

The simplest explanation all seems that the arachnoid has been 
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torn the time the accident and that the hole still there the time 
the encephalography. 

Operative observations cases subdural air—The literature 
1945 contains reports patients submitted operation after air had 
been demonstrated the subdural space. 

Cramer (1934) made opening the skull find out whether the air 
was the subdural space the subarachnoid space. Most was 
the subdural space, and incision the arachnoid allowed some more air 
escape. During the whole exploration, however, the wound was kept 
constantly filled with saline solution, procedure which effectively masked 
the presence any other fluid. 

Lemere and Barnacle wrote: “Air was found the subdural space 
one our patients whom trephination was performed because 
severe reaction following encephalography. this case replacing the 
air, which was not under pressure. with physiologic solution sodium 
chloride failed prevent death.” this case also the saline solution would 
make the recognition any pre-existing fluid impossible. 

Penfield and Norcross made trephine opening patient five weeks 
after the demonstration subdural air second-day encephalogram. 
When the dura was opened the arachnoid membrane bulged into the 
opening. c.c. cerebrospinal fluid were then removed lumbar 
puncture. The brain fell away from the dura and instrument was 
passed into the subdural space the search for adhesions. The procedure 
described would seem reduce the possibility finding any free fluid 
the subdural space. 

These operative observations did not throw any light the subject 
subdural air, for association with fluid was never suspected. 

The “fluid line strongly suggestive fluid level can seen 
some the encephalograms reproduced early papers, but this line 
had been regarded the lower level the air shadow and had excited 
comment. What appears the first, and the last, reference 
fluid level associated with subdural air can found paper subdural 
hygroma Wycis this author observed fluid level, 
presumably the first-day encephalograms, made trephine openings 
search for fluid the subdural space. 

This short survey the literature discloses three significant observa- 
tions: (1) Subdural air found most frequently, perhaps always, patients 
who have sustained head injury. (2) Subdural air seen much more 
frequently second-day encephalograms than those taken immediately 
after insufflation. (3) Subdural air sometimes reveals fluid level cases 


subdural hygroma. 
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These three observations have never been dovetailed placed side 
side; they are not even mentioned any the recent authoritative 
publications pneumoencephalography which have been consulted. 
the subject subdural air lies today where lay sixteen years ago: 
phenomenon rarely seen because rarely sought, and insignificant when 
found. 


When problem which has excited research 
abandoned, the implication that has been solved, not worth solving, 
that has been put aside pending the solution more important 
problems. 

The problem which first sight appears more important than that 
subdural air the problem the extent organic cerebral damage. 
encephalography has been reserved for cases which there was gross 
evidence such damage (Symonds, 1942). was used only guide 
pathological interpretation and prognosis. The technique was chosen 
accordingly. was directed chiefly towards the discovery ventricular 
“it did not permit detailed studies the distribution 
air the cortical subarachnoid spaces” (Davies and Falconer, 1943) nor 
the subdural space. Baxter and Schatzki (1946) their study 
ventricular changes after injury rarely examined the patient the erect 
posture, posture most useful for the demonstration subdural air. 
Pendergrass (1936) had shown that ventricles which are not visualized 
the first encephalograms, may seen when pictures are taken twenty-four 
hours later, and that such pictures may reveal porencephalic cysts. far 
can ascertained, second-day pictures are taken present for such 
purpose only. 

This concentration purely cerebral damage may help explain why 
subdural air not looked for today. The demonstration intrinsic cerebral 
damage important, but not important the demonstration 
lesion amenable treatment. 


many post-traumatic cases air can seen the subdural space 
twenty-four hours after pneumoencephalography. rarely appears 
pictures taken immediately after the procedure. 


Subdural air implies that the arachnoid membrane has been torn before 


the encephalography and that cerebrospinal fluid has leaked into the 
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PYRAMIDAL TRACT FIBRES FROM TEMPORAL AND 
OCCIPITAL LOBES 
EXPERIMENTAL STUDY THE 
BY 
FRED WALBERG ALF BRODAL 


(Anatomical Institute, University Oslo, Norway) 


*When used this communication the term “pyramidal taken 
comprise all fibres coursing lengthwise the medullary pyramids, regardless 
their site termination origin. 

INTRODUCTION 

from recent years has shown that the pyramidal tract* 
more complex structure than was imagined few decades ago. Limiting 
ourselves here the question the origin the fibres this enigmatic 
pathway, may stated that not only Betz cells but also other 
nerve cells the the cerebral cortex have been shown 
contribute fibres the tract, and furthermore that fibres from the 
lobe descend the pyramidal tract (for references see Walshe, 1942; 
Mettler, 1944; Lassek, 1948; Tower, 1949). Some authors have claimed 
the presence fibres from the premotor regions the frontal lobe 
well (see 1949), while others consider these fibres doubtful. 

however, that there must still other sources fibres 
descending the pyramidal tract. since even following extensive pre- 
and post-central decortications the monkey, more than per cent 
the fibres the medullary are preserved (Lassek, 1942). Sub 
cortical contributions the tract have been demonstrated the rabbit 
Swank and von Monakow (1915) has suggested their presence 
also man. but his view not consistent with the observations 
Lassek and Evans (1945), who could find only very few preserved fibres 
the pyramid following human hemispherectomies. Also following 
hemidecortication the monkey the fibre loss the pyramid said 
complete (Mettler. 1944; Welch and Kennard, 1944), while following 
removal the frontal cortex and basal ganglia, more than one-third 
the fibres the medullary pyramid are preserved (Lassek, 1952). 

These findings, when considered together, may taken indicate 
that other cortical areas than those the frontal and parietal lobes give 
origin fibres the pyramidal tract, least monkeys and man. 
contributions from the occipital and temporal cortices appear 
not have been positively demonstrated, although some authors believe 
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such fibres exist. Tower (1949) thus suggests that some the 
cortico-pontine fibres from the occipital and temporal lobes, demonstrated 
among others Poljak (1927), Mettler 1935b), Sunderland (1940) 
and most recently Nyby and Jansen (1951), may give off collaterals 
branches which continue caudally the pyramid. Tower bases her 
assumption Cajal’s (1909) description such branching pyramidal 
bundle fibres within the pons. 

Our attention was directed the possible existence pyramidal 
fibres from the temporal and occipital lobes finding, experimental 
study, ascending fibres the pyramid the cat. addition fibres 
arising the cuneate and gracile nuclei and joining the pyramid, direct 
spino-cortical pathway was demonstrated. has been described fully 
elsewhere (Brodal and Walberg, 1952), these fibres ascend between the 
descending ones the lateral and ventral cortico-spinal tracts and some 
them cross the pyramidal decussation. The contribution from the 
cervical part the cord greater than that from the lumbo-sacral region. 
The ascending fibres could traced the cerebral cortex, which they 
terminate the area (anterior sigmoid and anterior part 
posterior sigmoid gyrus the cat) and even greater numbers parietal 
areas (lateral and middle ectosylvian gyrus, posterior the ansate sulcus). 
The fibres give off collaterals the pontine grey matter (Walberg and 
Brodal, 1953). further study the cerebral cortex, including its 


posterior parts, revealed that certain number spino-cortical fibres 
distributed also the occipital and temporal cortices. account the 
close parallelism between the systems cortico-spinal fibres coming from 
and the spino-cortical fibres ending the parietal and frontal areas, 
was interest investigate whether efferent pyramidal tract fibres are 
derived from the temporo-occipital cortex. The presence such fibres 
could, indeed, verified. 


MATERIAL AND METHODS 

Adult healthy cats were subjected surgical removals parts the 
cerebral cortex under intraperitoneal nembutal (pentobarbital) The 
surgical procedures were performed under sterile conditions and, far possible, 
the excisions were limited the cortex, although usually some the subcortical 
white matter was involved the lesion. this paper the findings made cats 
with temporal, with occipital and one with occipito-temporal lesion will 
reported. Comparative studies were made cats subjected lesions the 
cortex. Brains several normal animals served controls. 

The animals were killed six eight days after the operation exsanguination 
under chloroform nembutal anesthesia. The brain and spinal cord were then 
immediately dissected free and immersed into per cent formalin for fixation. 
area the cortex containing the lesion was some the cases cut away one 
two days later, transferred per cent alcohol, embedded paraffin and cut 
serial sections. Every these was stained with thionine permit 
exact identification the parts damaged the lesion. other cases the extent 
the lesion was studied Nissl stained sections from the blocks prepared for silver 
impregnation (vide infra). After fixation for some weeks, the cerebral hemispheres, 
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the rest them where the part containing the lesion had been removed, was 
cut transverse slices mm. thick. From each these slices usually couple 
frozen sections were cut, thick. The slice itself was preserved that when 
putting the different slices together was possible decide exactly which parts 
the cortex had been studied. 

The frozen sections were silver-impregnated according the modification the 
Bielschowsky method elaborated Glees (1946). some cases the method 
Nauta and Gygax (1951) was also employed. The sections were searched for the 
occurrence degenerating nerve fibres and terminal boutons. Where proved 
necessary for orientation intervening sections were stained according the Nissl 

The brain-stem was cut serially horizontal, frozen sections thick. The 
sections were collected groups consecutive ones, and each group two 
three were stained according the Glees method. The horizontal direction was 
chosen because degenerating fibres the pyramids and the cerebral peduncles are 
most easily identified when cut longitudinally. 

the spinal cord couple segments from the cervical and lumbar enlarge- 
ments were cut horizontally and treated the same manner the sections from 
the brain-stem. some cases also transverse sections the cord were prepared. 

The findings will described with reference drawings and photomicrographs. 
The outlines the drawings have been made means projection apparatus, 
and the details have subsequently been filled under the microscope. the draw- 
ings reproduced the degenerating fibres are shown wavy lines. 

the silver-stained sections, prepared described above, has been 
possible follow degenerating fibres from the cortex the temporal and 
lobes caudally through the internal capsule, cerebral peduncle, 
pons and pyramid the lumbar enlargement the spinal cord. the 
cord degenerating fibres can followed into the grey matter, and during 
their descending course the parent fibres give off collaterals various 
nuclei. 

well known, normal nerve fibres may show differences diameters 
and present certain irregularities, which should not 
signs degeneration. There need describe length the different 
aspects nerve fibre degeneration this place, but should mentioned 
that only fibres endowed with characteristic globular fusiform swellings 
and showing fragmentation have been considered degenerating. 
Usually the swellings also show increased argyrophilia, and their sub- 
stance may vacuolated granulated. The photomicrographs 
Plates and give several examples the appearance pyramidal 
tract fibres degeneration. 

Degeneration terminal boutons the grey matter the spinal cord 
following lesions the area has been described several authors. 
Such pictures have also been seen our sections, but since, well 
known, the between normal and degenerating terminal 
boutons may sometimes practically impossible, have not attributed 
much significance the appearance the terminal boutons, the more 
since the present study does not aim establishing the exact site 
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termination the grey matter the cord the temporal and occipital 
fibres. However, the presence unequivocally degenerating fine (pre- 
terminal and terminal) fibres the grey matter the cord permit the 
conclusion that the fibres studied terminate here. 

principle the findings are similar all cases studied with lesions 
the occipital and temporal cortices. Only one case each type will, 
therefore, described some detail. 


Temporal Lobe Lesions 
Cat St. Killed after Eight Days (fig. and Pl. figs. 

With knife cortical ablation was made the region the left acoustic area. 
The lesion involves part the middle and posterior ectosylvian gyri and the 
anterior gyrus (fig. 1). its central, deepest part the lesion approaches the 
lateral ventricle, but there zone intact white matter left. its ventral part 
the lesion more superficial. While some descending fibres from areas posterior 
the lesion may, therefore, have been damaged, fibres from cortical areas front 
the lesion have certainly escaped, the internal capsule being intact. 

transverse silver-stained sections from the left hemisphere considerable 
number degenerating fibres are seen passing from the temporal region into the 
internal capsule, from where they can followed into the rostral part the left 
cerebral peduncle. 

From the site the lesion relatively great proportion degenerating fibres 
cross the corpus callosum the other (right) bemisphere and can seen fan 
out into the gyri its convexity (not shown fig. However, some these 
degenerating fibres bend caudally, enter the right internal capsule (fig. above 
the right, and Pl. tig. and continue into the right cerebral peduncle. agree- 
ment with this, the sections through the brain-stem reveal degenerating fibres 
both cerebral peduncles and the bundles the pons bilaterally, 
although their number much larger the side the lesion. 

When following the degenerating pyramidal tract fibres from rostral caudal 
levels the pons obvious that some them belong the cortico-pontine 
tract, and take off horizontal direction enter the grey matter the pontine 
nuclei Furthermore, considerable number very fine degenerating fibres, 
considered from the corticospinal tract fibres, are also distributed 

Fic. 1.—Semidiagrammatic representation the findings cat St. 
Above the left the extent the lesion seen the surface the left hemi- 
sphere and section through the most extensively damaged part. Above the 
right drawing section from the contralateral, right hemisphere, showing the 


presence degenerating fibres (wavy lines) the corpus callosum and internal 
capsule. the middle the figure three horizontal sections through the brain- 


stem. Below the left two horizontal sections the cervical enlargement the 
spinal cord; their position indicated drawing transverse section 
cord. Below the right similar sections from the lumbar enlargement. Degenerating 
fibres are indicated wavy lines, terminal degeneration the grey matter the 


Lots. 


spinal cord indicated 
Abbreviations employed this figure and 
all.: corpus callosum cerebral peduncle 
internal capsule py.: 
pontine grev pyramidal decussation 
inferior olive trapezoid body 


(Caption opposite page). 
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the pontine grey. The terminal degeneration the pons the two sides the 
same type described previous paper (Walberg and Brodal, 1953) and will 
not dealt with here. 

the caudal end the pons where the cortico-spinal tract enters the trapezoid 
body the number degenerating fibres the tract considerably reduced, due 
the fact that many the degenerating fibres the peduncles have terminated 
the pons. Yet, the degenerating fibres passing from the longitudinal bundles the 
pons into the pyramids are easily seen figs. and but estimation 
their number difficult. appears that the number degenerating fibres about 
the same somewhat greater than that degenerating ascending fibres the 
following high cervical lesion (see Brodal and Walberg, 1952, for particu- 
lars). The proportion degenerating fibres somewhat larger the left pyramid 
(homolateral the lesion) than the right. the pons the diameters the 
fibres vary. The exact diameters can, course, not determined when the fibres 
are degenerating but appears that many them have been thin, some medium- 
sized, and few rather thick. 

The degenerating fibres the pyramids can followed into the pyramidal 
decussation where many them cross (fig. When followed caudally from the 
decussation most the fibres are seen enter the right lateral cortico- 
spinal tract (contralateral the lesion). However, some degenerating fibres can 
traced also into the homolateral (left) lateral cortico-spinal tract figs. and 
and into both ventral cortico-spinal tracts (Pl. figs. and The degenerating 
fibres both lateral and both ventral cortico-spinal tracts are more abunde the 
cervical enlargement the cord than the lumbar enlargement, but small 
number clearly seen also the ventral tracts this level figs. and B). 
both levels some fibres can seen enter the grey matter the cord, 
taking off from the longitudinal fibres bundles oblique direction. Such fibres 
can frequently followed for some distance between the nerve cells, shown 
fig. Plate taken from the lumbar enlargement. addition these, 
rather coarse, fibres, medium-sized and very fine degenerating fibres are also seen 
(Pl. figs. and Some them are fine that they must considered 
terminal fibres. Furthermore, fine degenerating fibres can occasionally 
seen running almost transverse direction from the cortico-spinal tracts into 
the matter. These fibres have been considered collaterals from descending 
degenerating fibres although their direct continuity with the latter, for obvious 
reasons, only seldom visible. 

The actual site termination degenerating cortico-spinal fibres within the 
cord has not been considered detail the present study. However, clear 
that fine terminal degenerating fibres are found the dorsal horn well 
intermediate areas the grey matter the cord. The degenerating fibres derived 
from the ventral cortico-spinal tracts appear distributed, least chiefly, 
the ventral horns. addition degenerating terminal fibres, compact, irregular, 
swollen and darkly staining terminal boutons have been seen the cells the 
grey matter. closer study the boutonal degeneration has been made, but 
its distribution appears coincide with that degenerating terminal fibres. 
appears that there considerably less degeneration boutons the ventral horn 
cells than cells the dorsal horn and intermediate parts the grey matter, 
agreement with the findings Hoff and Hoff (1934) and cthers following lesions 


the motor areas the cortex. 

two other animals, cats St. and essentially similar 
findings were made. cat St. (fig. the lesion little more 
restricted than the case just described, but otherwise almost similar. 
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Fic. showing the extent the lesions cases with cortical 


damage the temporal lobe (cat St. 29) and the temporo-occipital transition 
area (cat St. 37) respectively. The ensuing fibre degeneration these cases 


The subcortical damage does not extend the lateral ventricle. cat 
St. (fig. the lesion smaller and situated more occipitally, 
involving the posterior suprasylvian and the posterior ectosylvian gyri 
and some the underlying white matter. These animals were killed six 
days after operation. 

The findings these cases may summarized follows: Following 
lesions the temporal lobe cortex and its underlying white matter, 
degenerating fibres can traced via the internal capsule, the cerebral 
peduncle and the pyramidal bundles the pons the pyramid and from 
here the spinal cord. Some fibres pass via the corpus callosum the 
contralateral internal capsule and descend from here the spinal cord. 
Some the descending fibres cross the pyramidal decussation. the 
spinal cord most the degenerating fibres descend the contralateral 


lateral cortico-spinal tracts, while others pass the homolateral tract and 
both ventral cortico-spinal tracts. The degenerating fibres all four 
tracts can traced the lumbar part the cord, but their number 
here considerably smaller than the cervical cord. either level de- 
generating fibres and collaterals can seen take off from the tracts 
enter the grey matter the which terminal degeneration fibres 
and boutons present. 


Occipital Lobe Lesions 


Since the course and distribution the degenerating fibres following 
lesions the cortex the occipital lobe are almost identical with those 
seen lesions the temporal lobe detailed description these cases 
omitted. The findings one them represented abstract and 
illustrated the drawings fig. 


Cat St. 28. Killed after Six Days (fig. and Pl. figs. and 16). 
lesion was performed the region the right striate area (fig. 3). addition 
most the striate area, seen from sections and fig. the 
lesion has also affected the posterior suprasylvian gyrus. 
Degenerating fibres are found the internal capsule the ipsilateral side, and 
others pass via the corpus callosum the contralateral internal capsule (fig. 
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Fic. 3.—Semidiagrammatic representation the findings cat St. with 
the occipital lobe. See legend fig. for explanations. 
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and Pl. fig. 15). The fibres continue the cerebral peduncles and into the pons. 
Those fibres which not terminate the pontine grey enter the pyramids (fig. 
and Pl. XI, figs. and the pyramidal decussation more the fibres pass 
the contralateral (left) lateral cortico-spinal tract than the homolateral. 
Degenerating fibres are also found both ventral cortico-spinal tracts, and can 
followed all four cortico-spinal tracts the lumbar enlargement the cord. 
The size the degenerating fibres varies. They appear have been different 
diameters, but considerable proportion them appears have been thin 
medium-sized. From the degenerating fibres collaterals and fine terminal fibres can 
seen enter the gray substance the cord where terminal degeneration 
present. 
Similar findings this experiment have been made two other 
cats subjected lesions the region the cerebral cortex 
(tig. 4). St. the lesion practically limited the right 


Fic. showing the extent the lesions additional cases with 
cortical damage the occipital lobe (cats St. and 31). The ensuing fibre 
degeneration was essentially shown fig. for cat St. 28. 


striate area, cat St. the lesion was intended comprise the 
cortex corresponding the right area but the superficial extent 
the lesion somewhat exceeds this area, part the lateral gyrus being 
included. account some bleeding the adjacent white matter 
destroyed also underneath the posterior part the ectosylvian gyrus. 
Thus, possible that some fibres from this part the temporal region 
have been interrupted. deepest part the lesion approaches the ventri- 
cular surface, leaving, however, zone intact white matter between 
and the ventricle. These animals were killed six days after the operation. 
17-19 Pl. show photomicrographs from cat St. 

Summing may said that following lesions the cortex the 
occipital lobe the findings the distribution degenerating fibres are 
essentially similar those made cats with lesions the temporal 
region. Most the fibres the pyramids pass through the internal 
capsule the homolateral side, but certain proportion them reach 
the contralateral internal capsule via the corpus callosum. From the 
pyramids the fibres proceed the lateral and ventral cortico-spinal 
tracts both sides. The fibres can traced caudally far the 
lumbar enlargement. 

Frontal Lobe Lesions 

Since interest for evaluation the findings made animals 

subjected lesions the occipital and temporal areas compare them 
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with the well-known cortico-spinal tracts from the region, two 
experiments were performed obtain comparable material. cats 
St. and lesions were made this part the cortex and the 
brains treated exactly the other cases. the first animal the left 
region the fore-limb was electrophysiologically determined 
and then extirpated. the second the left region the hind-leg 
was isolated the same manner and extirpated. The survival time 
these two cats was eight days. The extent the lesions seen fig. 


Fic. showing the extent the lesions cases with cortical 
damage the motor region (cats St. and 13). The coarse dots indicate 
area the fibres from which have been interrupted. The ensuing degeneration 
described the text. 


both cats the findings are principle similar those described 
above. From the region the lesion degenerating fibres can followed 
into the homolateral internal capsule and continue via the cerebral 
peduncle the pons. Other fibres pass via the corpus callosum the 
contralateral (right) internal capsule (Pl. XI, fig. 20) from which they 
enter the right cerebral peduncle and the pons. both pyramids there 
massive degeneration fibres XI, fig. 21). the pyramidal decussa- 
tion most the fibres continue into the contralateral (right) lateral 
cortico-spinal tract, while comparatively few fibres descend the left 
lateral cortico-spinal tract. both ventral cortico-spinal tracts 
moderate number degenerating fibres found, but impossible 
ascertain which side the degeneration most marked. Degenerating 
fibres can followed the lumbar enlargement, and fibres and collaterals 
are seen enter the grey matter the cord. 

When comparing the findings these cases with those made animals 
subjected temporal and occipital lobe lesions seen that the course 
and distribution degenerating fibres principle the same all cases. 
However, the number degenerating fibres considerably greater with 
area lesions, and there clear-cut overweight degeneration 
the contralateral lateral cortico-spinal tract. 


study contributions from the cortex the temporal and lobes 
the pyramidal tract contrary current conceptions. However, even 
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the number such fibres certainly not great, their presence 
unequivocally demonstrated the finding clear-cut degenerating 
fibres the medullary pyramids and the lateral and ventral cortico- 
spinal tracts. The photomicrographs Plates and will suffice 
make clear that the alterations nerve fibres considered here signs 
degeneration are not artefacts. Furthermore, the absence such fibres 
areas the cord other than the tracts mentioned, for example the dorsal 
importance, also the occurrence degenerating fibres 
similar appearance following lesions the cortex, and their 
absence sections from normal control animals. 

While the silver impregnation methods permit the identification all 
fibres tract, including the unmyelinated ones, and thus are better 
suited determine the complete course and termination fibre systems 
than the Marchi method, they are less well suited than the latter for 
quantitative estimations degenerating fibres, because the small 
contrast coloration. When therefore, these cases, the number 
degenerating fibres relatively moderate, extremely and 
frequently virtually impossible, decide which two areas contains 
most degenerating fibres. For this reason have not ventured suggest 
definite quantitative estimates degeneration the different sub- 
divisions the cortico-spinal tracts the cord, except for stating that 
there overweight degenerating fibres the lateral cortico-spinal 
tract contralateral the side the lesion. should also recalled, that 
the intensity degeneration the cortico-spinal fibres may not 
maximal our cases, since the longest survival period was eight days, 
and well possible that this time many fibres may not yet have 
reacted the damage with convincing morphological alterations 
however, Lassek, the other hand longer survival period 
would have the disadvantage that many the finest, terminal, fibres 
might have disappeared. 

Origin and Termination Cortico-spinal Fibres from the Temporal 
and Occipital our lesions have not been limited particular 
cytoarchitectonic areas the cortex, the material hand does not 
permit conclusions the real origin the fibres studied, the more 
since all cases there some damage the underlying white matter. 
However, with regard the striate area, seems permissible conclude 
that this takes part the occipito-spinal projection, since the lesion 
cat St. was practically limited this area, outlined Winkler 
and Potter (1914). subcortical nuclei have been involved the lesions 
our cases, and furthermore, the damage the white matter has not 
been such interrupt descending fibres from subcortical nuclei. 
therefore feel justified concluding that the fibres degenerating our 
cases originate the cortex the temporal and occipital lobes. 

far have been able see from the literature, cortico-spinal 
fibres from the occipital and temporal cortices have not been demonstrated 


502 FRED WALBERG AND ALF BRODAL 


previously. The present study substantiates Tower’s (1949) surmise 
that such fibres exist. Authors the 
jections from the temporal and occipital lobes have apparently not 
noted these fibres although Sunderland (1940) mentions the descriptions 
temporal lobe lesion monkey that some fibres could traced into 
the medulla. However, these authors (Poljak. Mettler, 
1935b; Sunderland, 1940; Nyby and Jansen, 1951) have all employed 
the Marchi method, and chiefly least. transverse sections, which 
scattered osmophilic granules can only hesitatingly interpreted 
signs true degeneration. The demonstration this study that majority 
the temporo- and occipito-spinal fibres are fine and presumably largely 
unmyelinated may contribute their not having been observed previously. 

The presence degenerating terminal boutons and terminal fibres 
the grey matter the cord well the finding descending degenerat- 
ing fibres entering the grey matter giving off collaterals it, make 
clear that the temporal and occipital cortical fibres terminate the 
cervical well the lumbar enlargement. also the intervening 
parts the cord are supplied such fibres. The terminal areas have not 
been determined detail, nor has the question whether the temporal 
and occipital fibres differ their distribution been thoroughly studied. 
However, from our material appears that the terminations 
both temporal and occipital fibres found the so-called intermediate 
part the grey matter, situated medial the area the lateral cortico- 
tract. The distribution thus appears the same that found 
Hoff (1932) and Hoft and Hoff (1934) with regard the termination 
cortico-spinal fibres from the cortex. 

The temporo-and occipito-spinal fibres components the pyramidal 
only with regard their distribution but also concerns 
several other features there striking similarity between the fibres 
studied this work and the pyramidal fibres derived from the 
fronto-parietal areas the hemisphere. Like the the fibres de- 
scribed here descend the internal capsule, and travel via the cerebral 
peduncles, the longitudinal fibre bundles the pons and the medullary 
pyramids the spinal cord. Here the fibres are distributed the lateral 
and ventral cortico-spinal tracts This the case, appears 
from our experiments the area, also with the proper pyramidal 
fibres and agrees with the bilateral degeneration observed Hoff (1932) 
and Hoff and Hoff (1934). There has been some dispute the presence 
ventral cortico-spinal tract and homolateral cortico-spinal fibres 
the cat, but our findings show that both types exist maintained 
Swank (1934). Our study also confirms that cortico-spinal fibres descend 
below the level the cervical cord and reach the lumbar cord, demon- 
strated different methods Linowiecki Swank Lassek 
and Brookhart and Morris (1948), even their number much 
reduced caudal levels. From the point view their course within 
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the spinal cord and their level termination, the temporo- and occipito- 
spinal fibres, therefore, are similar the pyramidal tract fibres from the 
cortex, even their number much smaller. 

Another similarity concerns the fibre diameters. Although the diameters 
degenerating fibres cannot measured reliable basis, the micro- 
scopical findings our cases permit the conclusion that the temporo- 
and fibres some are thick, considerable proportion 
medium sized and many are thin. This agrees weil with the studies 
fibre diameters the pyramid whole 1937; Lassek and 
Rasmussen, 1940; Szentagothai-Schimert, and Morris, 
1948). Furthermore, the ascending pyramidal fibres show the same range 
fibre diameters (Brodal and Walberg, 1952). Studies now progress 
indicate that the temporal and occipital pyramidal fibres give off collaterals 
the same nuclei the pyramidal fibres. 

final point resemblance between the fibre systems studied here 
and the pyramidal tract concerns the mode and place crossing 
fibres. Since some new data have been brought forward this point 
the present study, the problem deserves special comment. 

The crossing pyramidal tract fibres and their relation the corpus 
callosum.—In all our cases with unilateral lesions the temporal and 
occipital lobes, degenerating fibres were found all four cortico-spinal 
tracts the cord. crossing some fibres the pyramidal decussation 
would sufficient account for this. However, when studying the 
pyramidal decussation was consistently observed (as indicated figs. 
and that contained also fibres crossing from the side contralateral 
the lesion the homolateral side. This was agreement with the 
presence degenerating fibres bilaterally the cerebral peduncle and 
pyramid all cases. The bilateral distribution degenerating fibres 
the peduncles must due some fibres crossing the mid-line above this 
level, and from our sections clear that least the majority 
degenerating fibres descending the peduncle contralateral the side 
the lesion, reaches way the corpus callosum and the contra- 
lateral internal capsule. The number fibres taking this way is, however, 
considerably smaller than the number those descending directly the 
homolateral internal capsule. 

The presence cortico-fugal fibres crossing the corpus callosum 
and descending the contralateral internal capsule has been mentioned 
Bianchi and d’Abundo (1886) and Mingazzini 
also observed few such degenerating fibres Marchi preparations 
following occipital lobe lesions, but inclined regard them artefacts 
(lib. When these fibres have usually been overlooked 
earlier accounts, this probably because the cortico-fugal fibres have 
been studied the Marchi method and most the fibres question are 
fine and presumably unmyelinated. However, students the cortico- 
pontine projection monkeys have commented upon the presence 
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degenerating fibres both cerebral peduncles bilateral pontine 
degeneration following unilateral cortical lesions (Mettler, 1935a, 
Sunderland, 1940; Nyby and Jansen, 1951), and seems likely that these 
fibres are those passing through the corpus callosum. Combs, however, 
found degenerating fibres the contralateral internal capsule following 
extensive cortical ablations the rat, neither Marchi preparations 
(1949) nor silver-stained sections (1951). 

From our experiments clear that the crossing cortico-spinal 
fibres the corpus callosum not peculiar the spinal projections from 
the occipital and temporal lobes, since this feature was just marked 
our experiments with lesions the area (fig. 
the ascending pyramidal fibres behave the same manner, some fibres 
crossing the corpus callosum (unpublished). Studies now progress 
indicate that also other cortico-fugal projections, for example certain 
cortico-thalamic fibre systems, reach contralateral subcortical nuclei 
way the corpus callosum. appears, therefore, that the corpus callosum 
not purely commissural fibre system, commonly believed. must 
assumed permit certain degree bilateral control subcortical 
structures one cerebral hemisphere. Since, however, most the fibres 
question are fine and apparently unmyelinated only silver impregnation 
methods can used for their study. 

should emphasized, however, that even some cortico-spinal 
fibres cross the corpus callosum, this proof that these fibres are 
ultimately distributed the contralateral side the spinal cord. Our 
findings make clear that some the fibres descending the pyramid 
the side contralateral the cortical lesion cross back the pyramidal 
decussation the other, ipsilateral, pyramid (cp. figs. and 3). the 
other hand, fibres crossing the pyramidal bundles the pons from the 
side the lesion the contralateral side have been observed, among 
others, Nyby and Jansen are that certain 
number cortico-spinal fibres cross also the spinal cord. appears, 
therefore, that there takes place exchange fibres between the left 
and right cortico-spinal pathways different levels during their descent, 
fact which has taken into for example when making 
deductions from the number preserved fibres the pyramid following 
various lesions. some interest, that the same principle multiple 
crossings found the system ascending pyramidal fibres. But also 
here, the descending system, the bulk fibres cross the classical 
pyramidal decussation. 

The pyramidal recent years most authors the 
pyramidal tract have been very hesitant define this pathway, limiting 
themselves the statement that the pyramidal tract the system 
fibres coursing longitudinally the medullary pyramids. According 
this definition the cortico-spinal fibres from the temporal and occipital 
lobes demonstrated the present study, well the ascending pyramidal 
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fibres (Brodal and Walberg, 1952), should regarded integrating parts 
the pyramidal tract, even neither these systems quantitatively 
impressing. However, their organization, has been seen, strikingly 
similar that the classical pyramidal tract from the cortex. 

The question may then appropriately raised, whether there are 
still other, yet unrecognized, components the pyramidal tract. This 
question will touched upon only briefly this paper. 

When dealing with the pyramidal tract, presenting such marked 
development phylogenesis, the question species differences obviously 
important one. Most quantitative studies the tract have been per- 
formed monkeys. mentioned the introduction this paper, there 
reason believe that the monkey considerable proportion the 
pyramidal tract fibres are derived from cortical areas other than the 
fronto-parietal ones. With regard the cat, have exact information 
the proportion pyramidal tract fibres from the fronto-parietal areas, 
and conclusions can, therefore, made whether the components 
known far, including the temporo and occipito-spinal fibres and the 
ascending pyramidal fibres, can account for all fibres the tract this 
animal. However, account the close relationship between the cat 
and the dog the studies Morin, Poursines and Maffre (1951) the 
latter animal may value this connection. These authors concluded 
from studies Weigert preparations the medullary pyramids following 
cortical ablations, that the dog some per cent the fibres the 
pyramid are derived from fronto-parietal areas. Almost the same amount 
fibre loss was seen following complete hemispherectomy. This, 
will seen, tends exclude the existence temporo- 
spinal fibres the dog, while the remaining per cent the fibres might 
accounted for the ascending fibres. However, the method employed 
these authors gives information myelinated fibres only, and according 
Lassek and Rasmussen (1940) there considerable proportion 
unmyelinated fibres the pyramids dogs, there the cat 
and Wheelis, Lassek and Rasmussen, 1940). But even so, the data 
obtained Morin, Poursines and Maffre make appear possible that 
the dog (and probably the cat) relatively larger proportion 
pyramidal tract fibres comes from the fronto-parietal areas than the 
case the monkey. Experimental studies are needed clear this 
question, but may well that the temporo- and occipito-spinal fibres 
well the ascending pyramidal fibres, are quantitatively more import- 
ant the monkey (and man) than they are the cat and dog. 
should recalled this connection that far known the medial 
and basal surfaces the cerebral hemispheres have not been explored 
from the point view possible cortico-spinal fibres, and contribution 
from subcortical structures cannot excluded, even man. 

The recent observations the fibre composition the pyramidal 
tract tend complicate our picture this pathway, rather than 
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clarify it. the present stage would futile, however, discuss the 
functional importance the fibres from the temporal and occipital lobes. 
Suffice say that although they may functionally similar the 
fibres originating the well-established areas, other possibilities 
may also thought of. The demonstration (Brodal and Kaada, 
press) that the ascending pyramidal fibres mediate cutaneous well 
muscular impulses, might perhaps taken support the contention 
that the entire pyramidal system is, least chiefly, related motor 


functions, this term taken its widest sense*. From clinical point 


view would particular interest obtain information the 
quantitative aspects these newly demonstrated ascending and descend- 
ing pyramidal fibre components man. The suggestion has been ventured 
that the ascending pyramidal fibres may represent the afferent link the 
plantar and abdominal reflexes (Brodal and 1952, see also 
and Kaada, press). this the distribution ascending 
pyramidal fibres extensive areas the cerebral cortex well the 
presence descending pyramidal fibres from the temporal and occipital 


lobes may contribute explain the occurrence positive sign 


Babinski cortical lesions outside the not uncommon 
occurrence, emphasized, among Lassek (1944). 


SUMMARY 


Cortical lesions have been made the temporal and occipital lobes 


adult cats and the ensuing fibre degeneration has been studied silver- 
impregnated sections method). Following such lesions degenerating 
fibres can traced via the internal capsule, the cerebral peduncle, the 
longitudinal bundles the pons, and the medullary pyramid the 
lumbar level the spinal cord. the cord degenerating fibres and col- 
laterals enter the grey matter. 

Some these cortico-spinal fibres pass via the corpus callosum the 
contralateral internal capsule and descend the contralateral cerebral 
peduncle and pyramid. 

the pyramidal decussation considerable proportion the fibres 
cross from the side the lesion the contralateral side, while some pass 
the opposite direction. Most the degenerating fibres the cord are 
found the lateral cortico-spinal tract the side contralateral the 
lesion, but also the homolateral lateral and both ventral cortico-spinal 
tracts contain degenerating fibres. 

The temporo- and occipito-spinal fibres are varying diameters. 
Some are thick, but most them are medium sized thin. 

Two cats subjected cortical lesions the area, were 
studied controls. The ensuing cortico-spinal fibre degeneration was 


*This possibility has recently been more fully commented upon John Mallet 
Purser lecture (Brodal, 1953). 
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essentially the animals having lesions the temporal and occipital 
lobes, but quantitatively much more marked. Also some these fibres 
cross the corpus callosum, and degeneration can traced all four 
cortico-spinal tracts the lumbar level. 

concluded that the temporo- and occipito-spinal fibre systems 
demonstrated the present study, well the ascending pyramidal 
fibres studied previously (Brodal and Walberg, 1952), must considered 
integrating components the pyramidal tract. Reasons for this are 
and some comments made the possible functional role these 
fibres. 

The corpus callosum cannot considered purely commissural 
structure. 
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PLATE 
All figures this plate are untouched photomicrographs taken from silver 
impregnated sections (Glees’ method) cat St. with left temporal lesion 
(cp. fig. 1). Magnification 1,080. 

Fic. 6.—Degenerating fibres (arrows) the contralateral (right) internal capsule. 
Fics. and fibres the medullary pyramids; contralateral 
(right); homolateral (left). 

Fic. 8.—Degenerating fibres the homolateral (left) lateral cortico-spinal tract 
the cervical enlargement, midway between the grey matter and the surface. 

Fic. 9.—The same fig. but close the grey matter (g). 


Fic. 10.—Degenerating preterminal and terminal fibres the grey matter the 
right dorsal horn the cervical enlargement. 


Fics. and fibres the right and left (B) lateral cortico- 
spinal tracts the lumbar enlargement. 


12a and fibres the right and left (B) ventral cortico- 
spinal tracts the lumbar enlargement. 
Fic. 13.—Degenerating fibres leaving the right lateral cortico-spinal tract and 
entering the grey matter the lumbar enlargement. 


Fics. 144 and preterminal and terminal fibres the dorsal horn 
the lumbar enlargement, contralateral (A) and homolateral the side the lesion. 


PLATE 


Untouched photomicrographs silver impregnated sections (Glees’ method) 
cats subjected right occipital lobe lesions (figs. lesion involving the 
leg area the left motor region (figs. and Magnification 1,080. 


Fic. 15.—Degenerating fibres the contralateral (left) internal capsule cat 
St. (cp. fig. 3). 
Fics. and fibres the medullary pyramids cat St. 
(cp. fig. 3), contralateral (A) and homolateral the side the lesion. 
Fic. 17.—Degenerating fibres the contralateral internal capsule cat St. 
(cp. fig. 4). 

Fics. and fibres the lateral cortico-spinal tract the 
cervical enlargement contralateral (A) and homolateral the side the 
lesion. Cat. St. fig. 4). 

Fic. 19.—Degenerating fibres the contralateral (left) ventral cortico-spinal tract 
the lumbar enlargement cat St. (cp. fig. 4). 

Fic. fibres the contralateral internal capsule following lesion 
the motor region cat St. (cp. fig. 5). 

Fic. 21.—Degeneration fibres the contralateral medullary pyramid following 
lesions the motor area cat St. (cp. fig. 5). 
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NOTE THE FIBRE CONTENT THE FORNIX SYSTEM 
MAN 


BY 


DAITZ 
Department Anatomy, University Oxford 


Tue only quantitative observations the mammalian fornix system 
far available are those made Simpson (1952) the macaque brain. 
For comparison similar data for the human fornix system are here 
presented. Transverse sections thickness) the subcallosal part 
the fornix anterior the psalterium, and the descending pillar the 
fornix the hypothalamus (immediately above the mammillary body), 
were prepared from normal human brain. They were stained 
protargol method and sample counts the number fibres were made 
each region. The total number fibres was estimated relating the 
density fibres the cross-sectional area the fornix. 

The cross-sectional area the fornix was measured projecting the 
sections, known magnification, millimetre-squared graph paper. 
Certain technical difficulties were encountered this process. For example, 
the subcallosal part the fornix remarkably well supplied with blood 
wherever possible these were outlined the tracings and their 
estimated areas subtracted from the total area. more serious difficulty 
was the precise definition the silver-impregnated sections the bound- 
ary between the fornix bundles and the corpus callosum, for the junctional 
region comprises fairly extensive area with very sparse population 
fibres. This area, well narrow, almost fibre-free, subependymal 
zone, could not entirely excluded from the total cross-sectional area 
the fornix. preliminary analysis also showed that the fibres the 
subcallosal fornix are not uniformly distributed. zone much greater 
density forms central core and this surrounded broad peripheral 
zone more sparsely distributed fibres. These difficulties were met (at 
least part) taking samples uniform intervals over the whole cross- 


Gros Clark.) Before his sudden death September 1952, 
Dr. Daitz was engaged comprehensive study the fornix system the 
brain, and the results his experimental work are now being collated 
and extended this Department. His preliminary quantitative study the fornix 
the human brain was isolated observation which seems worth putting 
record for future reference. 
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sectional area, but selected that equal number fell both the dense 
and sparse zones. Each sample covered area the fibres were 
counted under oil immersion lens with the aid graticule. the 
hypothalamic part the fornix the technical difficulties were much less 
pronounced, for here the tract composed compact bundles sharply 
demarcated from the surrounding tissue, and its fibres are uniformly 
distributed. may noted that the fibres the fornix system are 
extremely fine, the majority having axon diameter less. 

‘Fhe results the counts are follows: 
Subcallosal cross-sectional area both fornices this 
Each fornix therefore 


level, taken together, measures sq.mm. 
one section 


assumed have area approximately 12°53 sq.mm. 
fibres were counted sample areas, giving total 7,297 fibres. The 
mean fibre density the dense zone the left side was found 
fibres per unit area, and the right side fibres. 
the sparse zone the corresponding figures are and 112°5 
The counts were repeated another section the same part 
the fornix and here they gave mean fibres per unit 
area the dense zone and the sparse zone. From these 
data estimated that the total number fibres the subcallosal fornix 
each side approximately may noted that, even the 
lowest mean density 101 fibres per unit area taken, the total amounts 


approximately 2,000,000. 


Hypothalamic part cross-sectional area this part 
the fornix was estimated sq.mm. For the fibre density, three 
different sections were examined and total 7,936 fibres counted. 
the first section mean fibres per unit area was ob- 
tained. the other two sections the corresponding figures were 
and 184-9 From these data the hypothalamic part 
the fornix was estimated contain each side approximately 912,000 
fibres. 

the macaque brain, Simpson estimated that the subcallosal part 
the fornix contains about 500,000 fibres each side, and that there are not 
more than 110,000 the hypothalamic part the fornix. Thus, most, 
only about one-quarter the subcallosal fibres reach the mammillary 
body. the human brain, the ratio appears greater, amounting 
least one-third. This conclusion requires certain qualifications. 
certain (from unpublished observations experimental material) that the 
descending pillar the fornix gives off small fascicles fibres other 
regions the hypothalamus its way down the mammillary body; 
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thus the fibre content the descending pillar will vary some extent 
according the precise level the sections. the present study this 
disturbing factor has not been fully taken into account. Secondly, 
probable that the estimate given for the fibre content the subcallosai 


fornix errs the generous side because the difficulty, computing its 
cross-sectional area, excluding marginal zones comparatively free 
fibres. so, however, the computations appear indicate that 
the human brain significantly greater proportion fibres from the sub- 
callosal fornix reach the mammillary body than they the macaque. 
Another possibility which needs taken into account that not all the 
fibres the descending pillar may actually derived from the subcallosal 
fornix. However, other experiments this laboratory have demonstrated 
that the descending pillar undergoes practically complete degeneration 
the macaque brain after interruption the subcallosal fornix, any fibres 
remaining the area the bundle forming extremely small proportion 
the normal fibre content. 

The number fibres the subcallosal fornix the human brain 
exceeds the estimate for the macaque brain five times. difficult 
assess the significance this difference because the contrast the 
size the brain whole. But interesting make comparison with 
other fibre tracts whose fibre content has been estimated the human and 
macaque brain. For example, Lassek and Rasmussen (1939, 1941) computed 
the number fibres the pyramidal tract human and macaque brain 
(above the level the motor decussation) and the former found total 
1,100,998. That say, the fibre content the subcallosal fornix 
about twice that the pyramidal tract. the monkey, the other 
hand, they both contain approximately the same number fibres, about 
half million. other words, compared with the monkey, the number 
fibres the human fornix has increased fivefold while the number 
pyramidal fibres has only doubled. 

the optic nerve man, Arey and Bruesch (1940) estimate the fibre 
content 564,776 1,140,030 (other observers have given estimates rang- 
ing from 800,000 1,000,000). According the same authors, the optic 
nerve monkey was found contain 1,208,120 fibres. this case, 
appears that the subcallosal fornix the monkey contains less than half 
the number fibres the optic nerve, whereas man contains more 
than twice many. 

These comparative observations are too meagre permit positive con- 
clusions, but they strongly suggest that the functional system which the 
fornix component element relatively more important man than 
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(Thalamotomy and Related Procedures) Part 


Methods and Stereotaxic Atlas the Human Brain, 
M.D., and M.D., F.A.C.S. London: William Heinne- 
mann (Medical Books) Ltd. 


1908, Horsley and Clarke used the word “sterotaxic” describing method 
producing circumscribed lesions the brain means mechanically guided 
instruments. The position the instrument could adjusted each the three 
planes space, and since that time atlases the brains several animal species 
have been prepared according certain standard spatial planes, that, reference 
fixed bony points the skull, the experimenter could produce lesions the 
brain, usually electrolytic kind, wherever wished. The authors this book 
have adapted the technique for application the human brain. might 
regretted that the formidable title not self-explanatory. 

The great variations the human skull, and the absolute necessity accuracy 
the position the lesion have led the authors use definite structure within 
the brain reference point rather than rely entirely structures: they 
have chosen the posterior commissure, whose position determined air 
encephalogram, for less accurate purposes the pineal body, cases where this 
calcified. The preliminary radiographical study made with the stereotaxic 
instrument position the head. The position which the lesion 
made then determined, relation the posterior commissure reference point, 
from the atlas sections prepared the authors and reproduced here. The 
instrument replaced the head, and electrolytic lesion made means 
needle guided mechanically the position required. 

The authors have been great pains consider every mechanical source 
error connected with their method, and clear that rigid procedure must 
followed. There remain errors depending variations brain itself; these 
have also been thoroughly considered, and tables are given for number cerebral 
structures, showing limits variation their distance from the reference point. 
Finally, histological check was made such cases came post-mortem, 
which the lesions were identified. appears that lesions thalamic nuclei and 
structures this region can made with error only one two millimetres. 
The only serious danger which not considered that caused 
puncturing vessels the sharp steel electrode; this accident occurs experimental 
work animals and essential know the likelihood its occurrence man, 
especially those regions the brain where small hemorrhages may have large 
effects. 

The material this book presented clearly, and the evidence well documented, 
Anyone familiar with stereotaxic methods will gratified the authors’ insistence 
thoroughness and caution; obviously technique for the extreme specialist 
alone. This volume (Part deals only with the technique itself, not with the clinical 
results. 


NOTICES RECENT PUBLICATIONS 


Reason and Unreason Psychological Medicine. with 
Foreword Sir Russell Brain. 1953. London: Lewis. Pp. xii, 
56. Price 8s. 6d. 

This booklet contains the Croonian Lectures for 1952 delivered the Royal 
College Physicians, which are prefaced Address from the Chair read the 
Medical Section the British Psychological Society 1946. The first time asks 
the question Quo Vadimus? but the author unable answer his own question 
1952 was six years earlier, the philosophically chaotic state psychiatry 
having altered whit the interval. Now, then, thought along these lines 
timely. his attempt arrive some basis clear thinking which our the- 
oretical approach psychiatric problems could rest, the author makes number 
fundamental criticisms. The greater part these are addressed adherents the 
orthodox Freudian psycho-analysis; but feared that they will 
fall deaf ears. Very rightly, Strauss insists that our approach the 
farious working hypotheses which are oftered should electric; and also makes 
the criticism, which nowadays but seldom voiced, that psychotherapy can 
valid which entirely ignores ethical values. The critical discussion which these 
lectures contain, however, covers psychologica] medicine whole, and far from 
being confined the tenets dogmatic schools; read widely deserves, 
the little book should promote the self-critical attitude particularly necessary 
branch knowledge which deals, exclusively does with imponder- 
ables and with emotionally toned subject matter. 


